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w A^>uUl.t,l 


o 


kXSUaJI c'u 


4-Jl ^J—£ J_0-5*V« IjJu_^ 0 ^J—£ |»^bJlj S'^Lyailj All Jl<k>J|j 4l| ^-O 

. . . JlKJJ 

oL>-w«^>cJl fLj3 (Jl>*oi 3 Ljj*Jl <L£SbJl (J <uLotil jjsbaLf <lLoJ ^LalHj 
t *y>- <—*lx£Jl Ula «^_jLJIj jJp Lb Jili c,jjSvJI ^LLVtj -L! 

A_^jiyi 4_b-3 c-JLbJl Aj?-b>«j b ^yi *j>" baji 1 .^/ 3 <i ‘.li IAa 

^b-L^flj a__JjSl1 ob-j_w>Jl £j— J>y> (j J»J-UJ1J 4_oy\ oLL (J 
bj3 AjLJIj JlXP bp J>- -Xij • LJiaJI tl>bljJill bUs> LUJlSj 

• A- ^ -plojl I j; 4 m^LkJ| dJi-L jIaJJI [3b- A_»i'^LwJIj ^o»Jo_j ^. U loll 
oU-j_-*5*Ji J. ,„ . ptf . T 1 Lj bpjP tJUo>- <, Jj*pi bi- i~jUS\J| iJjfe ^ywaj JuaJ 

. A_*JJ^1 O^LLcJl J_J't LU-JLLj ib\ .,,I^>ay M tLo-' >v->Jl J l_g. ^^L /^->-J 

l_»l Obs—wibJ la bCl ^ol<J>i L}^~ l3 J^j 

1 g OLS"jijjSLU 3~ 1 Jlj J* J-^bl bi& C-Jltll 3 A.11 

Cj"!)bLbLi Oj lfl3 lj oLiaia>e^ 3), 3^r b"H bUb-S* 3jij5sll Aj^ajj 

Jl 3jJ^\ j^Sl\ Lot .o^LLLdl J LfSljJbj TCP L, yij 
(^j-aJIj Jj-Joll bjla^- ybj £l*-Ji'Vl lb J-v^J AsLbS'lj ^bb^M 
.,_yo»j'i/l ^y^ L aLbH (JL>«oiJi yiJ lU-Lj bibbNI 3 ^ 



v^&UaJl ^ft»y**Jh** 


<uiL*Ji ‘UslliJl P-ljJ*fl isiLa U-3j Ljlj ^ ^'J 

oM tjus^i Ji V KJ| ij^ j i dt) iSj dlJi oSf ^ y^\ j* 

ofrUj oL>jl oLia^-*)^ {jglj j-Uajj i^s-J i Lit uAa-j 4s JU5xJI 
(J_*JI 4bl ^yi . <ul f-lJj dll ^JSwo <j ‘-->1^31 

.<Uib Nj La^ ,J^»j*J 1 1A& ^3 ^A9^ dS <1)1 1 » ..l a* ]! 






JjVI Juaill 

Elementary Particles cui/vi 

y** y ’.(elementary particle) JjNl 

J oIa*-j>JI <ULLv la2jjl>n^ j_j5o L5j 

j-Jl Ia^wIp JjI>«j (J 4 Ia^-Lp jl5 ji Jju 9 t 

SaLjjj IboJl-p c-ApL-sax..^ lJuS'tj cjlx<dl 

4iL-,<j>[ j£J| y 4i»a>Jl j3 jj j I^^ApUj <L«ljjJ SJOvaJI 

4-3 lU .6jj.ta Xft . J l iJjjX^JVl CjL-UJI ‘U3L>-J ^lixll (_3ji» 

(J—P j-HSl *—ij—*xtl (.(Cj’^I-^oiaJ! fli\_jj) 

L$x« ( J-S’ J;—SJlj j>- I JjJJiSj l^xiJb- 

. Lo-jj-O i—axJ A>%£j (_£ I 

- i —*d jl I- 4 * <| J->-j-° (J ^Jjl jXUj (1)15" l« iji tJjjjuJI y 
<S j- 1 ^^"^1 l-t-® 1 (J^j J^aXui^JI (J JjJS -U^ ^ Ujl j*Xkj UoioLJtjSUJl 
1—^ijAJ J^>111 1*1 tiJj'ill iw>JI ^>jj^ jj-x>tX) /^jdl jl 

.‘U^aJI lAjAllia o^3j 4^>-j y £jJ UJl jg3 


<jj^« 1^*1 <_£l s^Jiy <J jj»«J --Jtl.^3 










aa 



n jjji’j-jXll 4 P 0 JJJ 4 6 Ojl^-La Oljb-J {jfi 

.jij^Jl s-L> 


j-O^jj^OI Jj-L-v ff j Ojj_x£JJj O^j-Sj^j il)jJ1>0 O' Ji 

Oj-^La ^JiN-A 0^ SjLp 0 j J> j^xJl 0' I^-La <j^J 1 n ~> p + e({3 ) + V - 

<jj_S sj ^-i!! oOLpLiJl ( J—£ j z —~-* i -' i ci - ^ ^ oLw~-^»JI o ( jr0 

* L. ■■••> - Oj j joJI Ljj^xp! IS' ^L^a\j y g -il 0 j-5vj La^v’Up ^>-1 Oj_yj^Jl 

(si j_x 31 J^-b) O^jj^-II Jl>J o^ J oJj>-!j 

.P->n + e^(ft^)+v jAj yj^j Oj^jO JJ 


'• j— <>-JjS/i <w—^L _p cJ_jjaj f-Lkpl J jL>cj i j-a OLxaj 
(L-Lo>^) A—It?- ^-j *> l—go ^yS 01 jL^c-U ij-Llifl aJj^I olo-v ^ j^Jl 

La LpjaJ^o ^bp A>-\ 0>^£j O' J$i+i l^la J5" j! L~- LgJ AiUaJl i-0j15L] 

^_xJl ^yaSL^JU Jl (y twiL^J L-il ^j ^L^a <U-*su ^ 

. AX*Aa <w>XJ i|jp| 


(^jjc^wa ot-LxSl (J| Oil ^^.xJl Ojj-iaJl Mjl <jPt— jL^3I ILa Jj 
LjcJs J-p Oj-^xi ^_j 4l^s>l^> : - jL^iijj L^LxvgJ ^ o^J oU-s~*>0l 

^-iLojJl 2iL-pl I g ^flX £-« oj5o bojxp Ob^~d>Ji 6 -La -bjjJ ^x]l <_$ji" 

,qL«> -.—*»H cJlA ^ JjJ-*JI olLxSl j OJpLo < _^x 3\ Aj^laJI ^p.«L*^Jl 






Particle and its antiparticle u^uubj 1-1 

cspin ^ ^jJI j (j —Jb L^J jlx s*— ....">■ *Uv« i 

j ax>«_jJLj jUlx>d j tisospin 

^S"jCL_»^ <_£ola -. ^ j (*gjL-Jjjj}l\ 4_SilxJl 4-^5" ^ .».> m iff 

•L-9 jl -A-Jp ia_>- £-*£>j 4ajm»>J i y*j -U-UaI j*ji 

i p oJj J_yC>j P y J^JU-9 .y *jil SjjSXaJl 6 ~3 > 

oJuJoJfj G J j 1 c V eJuwlv? j V 1 j n o Jj-Lys> j n O j jj _£wJl jj 

K ^Jl — <*Ji 7t c_JuJ! ojjLJI cJjJ^j tt + OjjUij e 

q^lAws ^ ^ K- K l , jjjKil oJUwL^^ 

g O j ,^>-j y o (J—>-& ^ IJ_i ^ k " 6> cl-* 

j!j_v9| ^jSi\ -LJiJj . co° i. 7]° t. 7T° <. (wi_>J i^L-ixSC<Jl j—^) 

oV Lj^iaj (Dirac) LfSiJ-fcLlLa j\ L . tx 51 oL**~~»iJI 

J j\j • dXaUCwftJl 4-y-jJ 1 AjjiaxJi OJJj+y* 

<Jji—S* (_)— o ~*1933 /»!_£• dUi uLSjj e oj> jjjj —*31 <jl^ i— a*1x£j 
c(cloud chamber) is y> ^ i*jjS3l AAdVl CIS" Lj*up oi^^jJliI 

3 j* 37T ^I «*.*^*l *yj Ojj->j)^Jl ujwL»^ 1955 ^Ip 

^J—I^eJ Lj>t—s<2Jl jj_5o U JpUj (J ba (1)^ d5”^j jl 0*3 




i~- » 



^ l^C, j-^-\ JjJ—£-*» jl 4>-1 j l) 1 j IaJjJLv? 


p+p->p+p Oyijp Li; 
p + ^?-> p + p + ;r + + tt" 
p + p—» P + P + P + P~ 


!(_£^-Vl lo^Jx»4 Li^li Lfti-bAA^2j U <U->«> pliJl *-Up (_£^>-1 < U>-L 

y ->e + + e~ 
e + + e' ->• 2^ 
p + p~ -*4n + -\-4 k~ 
p + p" —» 4;r + + 4?r" + 

Jl_S (_£Lt^uXs^l <-)l 

) x_L2Jl .iiJ-pl Jax^- Ojjli <_ii £J*\ 

oU -w^ Ji ^I-LpI ■^ a ~■&>• l)_^L-S 

lax?" <j^jlS 

FourForces-FourInteractions o^ujVi o^kuai-C^u>Vit£$a 1 -2 


Lglal. Ji jdl i5jSJI ^ 

^\ J-Jl A_joj 1 jl c5j^il (V J3 ^ £* 

!cj’>LpU^I ,y> 





- — — i/ALjl zssss 

Gravitational Force 1-2-1 


• Cyj^ jjjli bbi^-l dtt? d-^l^ 


i 7 " = G. 


m { m 2 


.(1-1) 


. G = 6.67*1 O' 11 ■—j- j^SCJI^JUJ! CoU yGjld^ 

^ " 

4(gravitons) oLJjx^fj^Ji ~d oLa*-*>- d^lJ (J,) i ci-fc 

dx5* !4 jL C -AyflX) Jju (wiLv^J^UJl Jjp cd<1)1 djiXAJJ 4 jSI>wJI 

Pj) >i|f31 i 4P^***J 4t*J^fij jA-~P <Uj^^a*JL <Uj 

• S — 2/7 ^ ^ $t*at) 


jl ^-pj 10' 38 hj ijJl J[ L^cdi <*Jl**J>\ <y> yilixJt ^j5JI 

L-Aj-jlj L^I <-^5*1 j£Jl IS”^51 >uXj cddLJuJl J b\ LalXa 

.exil< > »^w»>cil od»ft Jx5* jjK^2j to^lp ddlfc~w«^vlJ 4^dJlj 

Electromagnetic Force 1-2-2 


4 X>b__^ ji 44 _oL^ 5 U! cjL?-cdiJi l y>j j\ i^jSI>»j (_£ 

iij 4 _sUaJ| —a ddLo-S* tj^l—«. X j l£ 1 ]^_j t (^^>-1 4 X>t^>i ejJ jj j_£dJl 

(3 ■4X>wj' ^j_^>-j lL_x*j .(photons) cjU jjjiJI ^^xllj j^sCJl 

^-^J—lij 4_3Uaii oW5" ^JLjj u^ 3 ''*~' mJ lf"ij ^.-LhJuji^S* 





La 


1 Y 


^ 61 C^-j0-<J1 6jjjaII isUaj <Uio-<* j-^S3i 

J-5 - —*^*J ^jfl k_^>lj^91 JJL*3 ‘tJ.O ojJj]> 6l>toj 

^_>-jj 5—sll? t_jLv^- L^wl>-1 *_>-jj is Us* itajx^j (J L^a 

.oU »j ja) 1 kiJJij 

dJ^pL-iUl jl (^j_aJ1 < j r J p a)jJ _*%v<6l ( _^-A oLJ jj>JI 61 1-L_a ^ 

i.jo—*? (_£jL«J £Jj^6Jl *c!j 1S Ojjjill j~-*-ij 

J\ iijXj L^J E r = ftv iSU* is = ]ft i£j{+~i^ 

4_j>-6 J±aj 43"^Lp a] 0JJ jaJI Pf~ — = - OjJJ-ill 4AlxJ-aJl 

.(J,j^j (_£i i-v?ji! iHij ktUSj A*J»Vl 

ij-q* S-jj6jw^1j ijjJUl oLLojUI J56 j^Ul 6*1 

^—> 4^_^*6pbjwjj^561 (_^j_a11 j—o^*jj . i»o6>6l oLJw»aJ1 ^166 

^j_JjJ! ^ jj^6l ^j— ill i; -» 6 6t U . ^ .c-<_}£• ( j^- >s -^ 1 

(La.^JL i £ j£) J-pLiJl ^jj L&i-Lo 6*1 11/137 «10 ajjjUI 

.»1 O’" 20 sec. z jJjptj ja> 


Nuclear Force c^Ji 1-2-3 


t, l ^. A* j (cjUj jjj^xllj cjUjj j j-il) Slj6l cij6j56» Jajjj (_5~l! \Sj^ 

4 5LLaJl oli 4_JjMI cj L »-u-..., > J l i-jjj61 o^L^I—iUL ,^61 









I4J jill t_AsAXjj 


.aJUJI 


L-»Ji liXfe A3L.^oJl u2»ot_J 4 10 ^ Wl ^^uX>nj 6^vvAS l^b-U “1 

.'ujjA aI^-o Ia^.1 gyl\ ^LJ-3 jJj 


( _ s -* 4Al>*Jt J ( -WJjC ^ AjjjJI (_£ jJj-Si -2 

■ ^fP * ^»n ~ ^/w Oyjyj OjJj? jl djyj^j djyjJ l^Jb 


(_$jxiLs 4 ojP-jJ! a1_v2^> ^f> iwu -3 

La-U^P 1—o-£~0 <Sj^^ JlP’ °W lljV ^l (J^^i ' ] '~ t ^^ a J i . a 


.J^mmS’LkXa jJ 


t_jlj_iii aJU- J ^*3 jjLj 4 JI, AjjjiJi i_$j^Jl ui^o —4 

.(l/2 Fermi *■ ■£-.^0 c j^** ^*~ jXygl oliL^>j Lo g .^hj ^ oLw..>^jxJ| 

LlUaJl J_u^ a_J^I aJ^UJS (Yukawa) i jLSjj ^_p! 1935 ^U Jj 

:(Nuclear potential energy) hj _^l o»l£]| 

(r) = ±E 0 r 0 .exp (- r 1 r Q )/ r .(1 - 2) 


. j* ASL»<m»JI Y tAXlll A ^. ^ S* Eq 4^-LoJl y& Tq (jl ^-1-,.,>- 

aJpLai^JI ol (_£p-» Lo->l Aj_^pll ^£jjiJi til IjlS "jj jXsl j3>j L»5 * 

• (^r ~ Mesons') ^1 (pions) ci»*L-i^jLJL^_a> ojL»-s...w>- L^ +Jiju jLjij 








\i 





otApL-dxll J (l)j__j^i]| aL_2jo —<L «*— jj jJ| cj^c- 1—axil J <3 jj 1 dl 01 l$1 

l-i-Hj- 8 j r—^ CU>li iSj- 5 ij* ^iJjOl <S J^l 01 tLJjljw jj$£>\ 

«LS.i!}Ul ic_^ AiixS" uL> t L ^w JJiS OjAJi 01 

• 4jjj0i <x->!>leUx!l jjjj jA At 0| 1 AEAt > h 

oLljj^l^JO —i 4_jj jj c5j-^i '•-$—v2-*u J-c* _/3 ~j { _ 5 -^i XX>U~~JjJl 

tOjO jjj^I Ju ^j_jLJI) ‘lLazII Jo».£Jj ( Hadrons 

L_*I tc.'LJjjl^jlj oLijAJl J_!U (xijLJjj*<JI) <l_Ix^ 3! *da*>/jX-« ol*-~*>0lj 
01 ^5 \aj jXjjjj-dlj <jj^<Jlj t 0jjx50^/l5' (oUjxdJl) AxtJisd I oLw^>xJl 

• 4j^s o*^ApLii 3 

Weak Force 1-2-4 

oO>^_~^>Jl JJi>eXjj 4_iLji>dl oL*-w^Jl Jfclio /»5 UxXj Lj 0l i£jaj\ ( _y*“j 
o ijJ j.* l -i ^_?xXj jl lJLr-O 3~jJ*» 40jt tjJ 1 (J^ 0 cl <_£l 

(Jj-Js>! J-Aj 10 -10 sec. JjJL>tJ lft>.Jj\j * -j 4j Lw . Mll I t^^il jl^Cj .4 AnXm9 

,5j_dll j-jLs j-J OH 3 J-*J <Sy^ Q*j <y 

^AJ <. 10" 14 4jjjdl (^^1 31 J^23 Ulvidj &4 5 ~J*li*#j - ^S0l 

o^J y°^lj (W-particles) oU^ J^U Jl <syz SJaU 

.OSM Jl»J L_axSi ^ Iji! Ni 800MeK .>jJ^ J5 LlxS" o! 




. - ^ 6 . —. -■ — j - ■ —; ■■■—- 2_|^aola - 

Characteristics of Elementary uUu^i 1-3 

Particles 

Mass cu^sai 1-3-1 


< 1 )jjLjjJ L_(jJt—>J—^ts*- 

oljj^w»Jl o»jLS^ *l. xSCwj L-»5^ ((1-1) 4_JiLsc<Jl ) j_jJ ^LwJl 

.hS J>3i 4X)l>- j~Ju JjL>sj 


J-j^j CaJjjS L~* oi-3jNi oU^*>3i ol <-sj< j-*j 

(^jL_*w (jjj—^3^11 4_iiS^ tjJ! LjjLp- J L^_ 

d)Lj UjS’bLj Lva lijj 1 §_va*j ^4 ojjji li! W <.m e = 9.1xl(T 39 .Kg 

1 ^>4 olj 4 A^^w*Ji ^.*jI^ ^«fr j+s* coC^j aAx^JI 

a^_a*c>JI 4_1x5') <*_s^L>3| o«A_a eg-j-.ii-aJl j_w»j i—> jjL) Lj LJLp 



(1-3) 


.OJjSl! 


o ^4-kAA^cJl <aJlxS" it}q <*&S 1 A^^A*j>cJi dAxS” m ol ‘A ■ ■*>• 

. P j^/2 11 ‘tP j*ji C J) L$XP j*-* 

c m(P) = wOP - ) t m(e~) - m(e + ) "^d-* ciJxS3l {J JC IaJuJu^j 

,j-j 1 J&ij ciJj^l oLw-j>J 1 ^JiS” jk^a] I. m{ri) — m(n~) 







\—49 j l— o«££®IS\j (_£l Ld^Ju^l ij aJL^X>-1j SiUaJij 41^1 

A-iUaJi C j_a E) E- me 2 ( MeV ) aJU? ola>- j> dXa ^ ^...,.01 

j^*X_Ju j£> C^ji —4 (aSUs JJ m aJc^3) <Jjxj ^y* AxjUil 
oJ ji L-»^jwo J_gj>«J\ (Jj-i | ^jJaLdj aJUxJI *AXP Oj j^SsJNl 4iU» (J 

jL-a *)(lev = 1&1F = eK ail = E PJt = qV ab ) E ps =qV 

.(ol^Jl ^LS 

leK = 1.6x 10 -19 Cx\V = 1.6x 10~ 19 C.V 
= 1.6x10 ~ i9 Joul . (1-4) 

in 19 |/|I3 

leV = 1.6x 10" 19 Joul => 1 Joul =-L-^^~MeV jUb^iiAj 

1.6 1.6 J 

m e = 9.1 xlO“ 39 JCg => m e = O.SllMeV 
< J a_JjNI oL—j»J1 _»—a 4-1^ J,} iJLUii Jj->o ,J-p jLifl jS-j 

I«LiL*Jl AJLtaJ\ C->ta AjJ jxJl 

X - " +P-+K~ +P+n~ +K* 

p + p p +p +p + p~ 

ASlkJi ujL> ^ jlS - 4 ( jJuLJl JjJUuJ! j US’ C-«Uw>Ji (ji^J 

a_JsUs> ^ 4_iiSC!i JUl .AipliuJl oU-~»-*>tjJ Sji^ioJt <LS j>JI 

;Jia l^ld jLi^l oL*-^ JjiJjS/l 4. » r . v> Ji A-I^P j 
*“->*-+** {m K >m x .+m^) 

A ° _►*->/>+ K >»„-+«,) 






JJUaJI 


LftlJj J-yg *UP b^UtAS^ 


p + p~ -±7S + J cfZ~ -VIZ + 7Z~ 

oLw^JI ^ j^\ Ali>*i3l aJj^ 0_^j 

L^SCLoJ -US' j>- AiUfl 3[ aJl£3I J y >tj Jju 

: A_j_aL>^o ^j i^'LU&J JUxultb oL^llu^JI uJuj-aj j 

i / JoSUI CjUuu-ll>JI tYjl 


^JJlj O’^U'lidl aIl^Ij 7 (jjj^Jp Jl^Jj 

JAJ AJiltJI bl^lplcM J (1)jijilU_^P jj^ iaii oJ l& J 

.JaAS (-U*^pU^\ oi^- 


<.<9 r = c = 3x 10 8 m/sec. 0 jj^aJI ap ^j im r = 0 j y >ji Nj 

U£)l) 

m r —~ 2 ~ ol^ C >««i APj—**0_J \—<Jilj> 4_Jj 4»Jl5**j 0_j— 

p r ~ -— «l)t$ lLUJjJ .(OjJjiJJ ^j5»wJl 


Leptons (olj^luJUj) JaJu_o>J! uU^LUk^JI :LuLj 

ijj jX^vJNl 3 ^ 

C-'^pLaj (3 V OL-wv*^*Ji !.<_•■>- oJo^X^j 

.iS AfrteJl o^ApUJI j li \ji£; 






i*J- 

iJ UK Ujp (<U^xJ) 4_iUa>- «Uv^*s>- | ^J53 <ji y* jli', Axl^ 

:o»J o^ j^Jl *J yjij (lepton quantum number) <jjxJJI <^*£11 
•£ = +1 e- 9 /T,v“ for 
£ = -\ e + ,n + ,v for 

aL«4xJ| C-»U~~>JI j UKJl 4.i a .>*i^oJI £ = 0 j 

Mesons JUiSJi ji ciU-u^^ji :UJD 

Pi- j_a (pion) l}^jU UK J—y^lj (n* ,n° iff~) oLi^AJl _p 

K- J-A (Kaon) OjAS UJK J^»lj (ir\£° # z°-,jr) o>U^£31 j tmeson 

. Uj~*j UK bju> Ifi jj-J j tmeson 
Baryons (lLLj^LJI) cokui lj U ^II :L*jIj 

J5j ) 5JjJ^«9J J SJj JKj P <3jJ<^P J-KJj 

UKU*>i c a 0 1 Ju-^aV <.( nucleus sljj-jJI .x>-i nucleon 
j & 4_Lfliill olo-; <K_K-I j . Q. LKUjI iE°,£i —K cZ°,Z X 

^^-*531 UK b^ip ^Lij <L*.y>- J53 of y> j&\ Axlj 

: -cuK j jSJj ByJl*Syjij (baryon quantum number) 

( Q~ tS°,H“ 4 2° s I- } 2 + < A 0 ‘ niP ) —i B “1 

( E°~,S“” 4 T?~X'X~ 4 A°~ ‘ n’ if ) —i B —1 




JJUall _____ 

CjU JL^Zj .oljjJ^aJlj olijSJJ jAvxU AjjIws B 4^3 OjSvjj 
( j 2l,^jdl S-L^>-jJl c^^^Lixil ^1y I Ails' lIjU^jjLJIj 

Spin ^1 -3-2 

{ y> j-^il Uj_^p 1926 (»Lp i j_j*J a^Jl ^->-_^l ® 

4_JjjJl t-il—Js’^l Jp j lfl>J c_**5”jXJl ijl5j 

IwLjj ^yjS/l a jy**- 6 Jy- Oj j^SviNi Ob t(fine structure) 

JjT o~b*__Ji3 5 j_Ssa]I a-L_®> ojuu! -L_sj Spin (■?”*) I —%*y Ljlj 

Ql—alx > o L> ^' xi jlwCtoJL) LftbAj.,1./? A^ww^xJl O' . d ->I 

l2j(J _>-y jJi J-bbj • OijjjJ! »b*Jb lo-g -A^ ( jjp 

;b^j < j r wS Ji l$>j l!^>- oU™>Ji *—*£>j . (7i - —) 

’ 2;r 

Fermions cAs^y jo^i : V y 

(j! ti! 1/2 (J bjj—v2W L-Oji liJ_P 4jJi ^jljJl L$^J CjL^>> 

13 3 

,^lwi t^UjjjUl olo-wwjpJl aJbA 4 S ~J? — — fl, — %, — h,... 

2 2 2 

Ll_^J obya^ili j 4S 1 ^. =5/2 h ; =312% <.S e = S P = S n =\!2% 

y-£*j N 4 _jI J^p ^yiLj ^Ulj (Pauli exclusion principle) J^U 
L^J Oy&j a_^531 aJUJI O' (y->yjy J <jb yyj^> 








OjiLSJ L^lj 1*5 .( nj,m t ,s ) ^jS'l p-$3i AxpI L ^Jb 


.olij*4 jJ. JL li^Jj (Fermi-Dirac distribution law) *JI^ 


Bosons Cilij^JlsLuia 


-S* ^-* c£j'-wJ ^-O^JI (^jlj- \\ \ -^3 oL—->• ^—* 

<jL ->I_ t,Sy — 1/i ijj_>jjJl vIjLoww^^sJI &JwA ^yA Sq — Oft,lift,27i,3ft,... 

^ oLijjj3!j S g —2h 0j£3lj S K = Oh cjU j S* = Oh 
t^va^JI aJIpJI c3 (^1 (3-5^ 1 \ -LaJ 

j> j- *31 _jf ojUjjjLJI (_j U5 

(Bose-Einstein ~j j_J j j^I 3jILaJ £_*a^J cj-*j 

l^j ^ w^JI ot IjJUj toUjj^b i-LgJj distribution law) 

jLi jU-wa U-Vi*i Ujp ulbuj ^jJI iSJ^^ 

J) ^vs->Jt j^xJl i-U>) Uo^loj oUUJlj 

5 = ~h a-^j <_$i-JI 0 j <Jt>* .( 25 + 1 jfi> Ly ^^lii<Jl JUe^jJl 

JL_^<JJ a_-_ .-db ,3j^S3^| LaJ_3^Ij <3^ $Uj O U-y^ j jl i3L_a.l>ol iiL_x* 
: JLptJl oUj! ol>Jl 3 j53 aJj ! JjSlI b / 5 

^•jJi 3 ^ 3 LgJ jLIjj , jL>wJl al^j^ l j^S' 1 *j> 3 ^i *S^j 

^Jl ^^^JsjUi^JI (_^3l m s y^k °W*jI ij* u? 4 ^! cSj^ 




wii«—= ' _ ! i_ | \ \ j -- —a— - - ~ • •- a ssxss i. v *»< ~ - 

1pj_Jj.(spin magnetic quantum number 

Xm s =2j + 1 y> m s <y? aJp) m s j 

Parity ^trai 1-3-3 

J •» * aJU«J 4j|j jmmJ _jl 

j\ (positive A-**- y >) (even) l^rjj :<>*jU J-* cf*j sjtil 

U^»bjj t(negative *JU)(odd)Aoy 

P op '¥{+x,+y,+z)=F¥{-x,-y i -z) 

P^(+ x,+y,+z) = +¥(+ x,+y,+z) 

'.o\S li! Ul. P = +1 i^rjj ^bsJl o! 

p 0 M +x > + y> +z h pXi '(rx>-y,~z) 

Po P V(+ x 9 +y,+z) = -¥(+ x,+y,+z) 

P = -1 ^UxJloU 

J-S" oli 4_ J - * 3 c4 _>-y SJIjj Jj £)f 6i JlaJ 

(Jjb US' .Ajijl 4~>-j j (Jjlj ojjJj J^lio 

jjLJl jf J.I Li*j A-~o^i JijU U$li ^UijjUl U«i d)j^ 

c)j—^UU JjLJI ,a_o jij o-L^-lj oSi oUjjjJJ 


, Uoi-L^l ‘U«S^U-4 



".JUeJI aUj-i 2- 


P p = -P p . 
^JJjU P+—P- 


P = -P_ 


P - -p , 

jr #:* 


Sj]gl—JJU j —S' bj $0 _jj~aj-AU 4 4 Jli jl 1 Cjl —M J 

.(symmetric) s jkh* o ^£6 oU jjjJJZ*- jJl Jtfb Uij ; (antisymmetric) 


olw^ oJl_P y-a j^J>la (JjLJI (1)1 jS^l} <y*J 

bljj-i Oj-p-^lj iJjtJij 4jiJ j£J (jjlii 

^Jjl_Ji jLft 4 _Jl*S t(L) tjji'-b- 4 l—Jjlj 1 L^- s Aa j (Jy- CjIjjSOJI 

OUw;—*-*2>0l (Jjjl—J P\ 3‘P%t Pi >•••• 01 l *^ s " ^ Prf = 

JjLj .cjLo-wv»>0i o - ^ 0 ^ u~* 0j-&» p^* »* > 0i 01 y^jp ^1,2,3,... 

(JjL_J1_j 0j-jj_^ i (Jjl—jil 00/ (ii—iij 4 — pry 6 0j—50 (c/—P + n) Ojj£jJ>—>1 
.p d =1x1x(-1)°=1 bt L$1 L d =0 4yy 0Ojyyii 

Charge 1-3-4 


1—J-0i wSj Awjljj^S - c^l: 4 -JjS/I oLk^>0i 

4_J>-y jl (l)jjJ^J^Il 4i>c. 5' i)ySii bl L^jI 4l>o**>J .(Jilxlo 

djJj jJi bjySOO/l 01 <-ijjA^Ji y) OjjjjJl 

j\ by j jJi o>rJi i—^jLbj <y-y jl (^y Olitb>^ U^53j jlJjuJti 




yr 




‘W***^*- u)Vl As»*J <*JlXZ$ sJ {j .4i>wJl SJU- (_J \jA*0 

‘L<^..-wvj- 0^1 »i_j»iJ iwjjwis^j L^S* <c^Jj 

,<J i^jJ^J l ^iSt j\ ljLxs^I Aj^5 41>tJy I 4 ] «U>-j-o 


»*»i»tJl ^dJl j_-fljjl <j^ (0 7 —*Ua^L*j ‘S.^wvJjxJl j\_JL> 

SCoj © d)j6t i^—y?j^l lijj a^>- 

!(jS?i ( j5CdJL U 

q "' e eg, e~ 7r~ K~ M~ P~ 

q = + e g-g> e* a* K+ M + P 

q = +2e e g t ^++ ^*++ + other products 

q = 0 | e -g> | K° | K° | | | 

—w 1 1 1 L»jd£' L«l tLkdjJ-y? 4jsPX**J <~£{ju> ^^vv^xii (J 

4./>.^>,^.->cJl JjwLyij jIJLl$ j>-\ ol (up (j dij \y*J L^djJL^a 

.^4 ^\ <3^ ia>*j 

Isospin (Isobaric spin) tfjbjjjVi 1 -3-5 

l^-o'yi ^LtPxJl ^wL«<l oi 

Oti ^ 'Jj& J 1 tiyjji Ji 

• al^Jl J\j£L*j‘\ tiliii Jdj U5 (_^ = ‘ d^*Jl*j N Ljjjjli bJ^I^j d)jjj j-j — 

mirror nuclei (4_jt^JI l 5 j-J 0 4 —^SUiJl <1)1 -2 






y--HV.II 



Yt ; 





cijXS ^1 <■ (e 3 Crj -\ 3 N^,l Be 5 B^Li^\ Be^ H 2 He,) 

(^j_JI Jajj olilia l)' b>-'jcb olj jjj il-Lpi Ulu UUSCJi Ia^IjLp! 


o^.c-1 <J ^ £TJJ Uj£> 4 jjU*£® 

iIjLijt— jUi ^^-..-.-Igbj-ajj^5vJl olj^iLxU j^5 JaJ Ig^o U-J ^a^alall 




A_jj^J l (_^^_fljl (J^L.>■ jj—« ( J—pLio o L ~-~>Jl ^_la*-4 CM ~3 

<jjL>J jJ_5j il^L_*JI ij~jLi IfMj US' uh>^ cjUU IgJ (oUjjilgii) 


j^S\ lg-5-*-; ^ 


U - 


5-^D ^ 4(^ + ,^ 0 ,^ ) 4(P,n) 5jJt--/ 5 Ac^U>t^ JS5 Jp Lf*jj^ o^HJ 
<_BX 1^3*>U>-I i-^-j ,^1 ^ I jl \£f-\ 


.l^L^- (Jjjwj b Jt-J 1 


j2 6*>U-l U5*lc»»5Jt jJp i £-iUxpi Oj. 

j-v^U*A . T 

^jJJ 4_jJliil <-5_/J! j o^X Lgi^b^lj TcJjLjj>ji^ (X>5l U$J 
L_^u r, =1/2 if, =1/2 oUjiS^Jlo^^. T 3 
JL»Jl dJiJ-LSj tjjyjXJ =-1/2 j o r 3 =1/2 <LiM 

<.^_^rj-JI OjjUJJ T n+ = 1 jLi (/r + ,7r°,;r") oUjAJl 







1 t° 





JLsiwi Lj»1 OjjUJ r 0 =1 j cJUi jjjUJ r. =1 

J—P OjjL-jAJ_J T 3 = ~1 i—A1—>w j 1 C)jjLJ A J T 3 ~ 1 1 ^—O 

.r 3 =0 

^>■^—1) dl^ljLaU C^^-M-a (JwG V (_£jbjJjNl 0 } 

A oA^^x^l isobaric a^L^s <,L* iS_y>~ jjJJ L^| (_£jL>j^j ^/1 

U o\y (J ( j~f£*Jlj jl C)j J>^yjji ^Jp 

a-<vAs’ L«t .jljjjj'i/l t ^ r -4 U-jJ £)IjIjAIj *\jAA (JxS3l :>J*j| Jju ^5 

a_o^w^*>«J| U. i — > &aj ^Al *VI js-Lp O^* L»w« A J i^ii) oA^XUu ! Ji 43 spin 

2s+1 j—* s (Jb*r^» 

4 (_5j\—l^XS^Pj (_£jbjjjVl *->"A^ ^cJ A^»*AAI O^L>- 

4 27+1 jA apj^>s^AI j oLk^wjtil) o>«jJ! o^/L>- 

a—*j*)Ij a—jjLjJjI a— c-j^^o — do ol—J jjUU 1j . gJ ol JjjUJ T — 1 

oLljJi^^Jl l_4 .A^JJoVl^^% 4 diJU^I (27 1 + l = 2xl + l = 3) 
d(2T + \ = 2*V2 + l = 2) T = 112 L*J SJbi i_,Ujjj| JSj^i 

. A~=»t2AJ c j^ J xJL>- tiUllA 

j^bp ^jp a^^S" j-* b-A i^jLjijjNl £A ^ J«*->J! 

isl OJ^lpLidlj ^a*S/l (__jAj«j j-LAj iiifjJLJl l j^A> lAlJjl^-f ^Al AjjLj^^j'yi 




..S 

jSA j 4—>lfl lO^fl <. A* -/3 1 . «^iJl O^fb- U jLzp-1 

T 3 U OJliJi 4*5" y> L£jbjjj v il 

4 _^~Jjs a —o-Jj ^pt-i ^(3 J*r£^d\ bgJ 

4- P 1 ^ ^2 j . A5^ 1 A -?>r .^. I I ^3 .>/3rt*Xl 0cAgj 

j o>*_-£JI OjjI—*AJ r 3 = 0 j l)jjUJ T 2 - l j T — i oU^Ui 

.uJLJIojjUJ T 3 = —1 

L^ji AJllLtJ! 4 _J}jaJI ,J~AJ LfcJj-Lyi>j j! 

.<OxdJlj Lv^»*S"L>cJ SjUiNl tjikXd-*->l 

Strangeness c^ii^n 1 -3-6 

!j_& ill jJ^lj 4*jjp oU : ^>- oL^-*>«-li 

oLj^p oijU» (cloud chamber) ^j^l Siy* J 1947 f l» j -1 
ij^^\ i—■o L>-bo li~J 

L&j j^ lq diLS” Lxjl bli*^> tc4j L*cUl jl OyU'Lfl^l oJjfc j^OA . jWl 

.(V-particles) SjIjJI J U^ 

oU-w^>Jl ( j r A jLp jj dJUb-& ol jJp a*j U-» jJI oL-ljuJl cub -2 
J_i« (SL-j/JI UJSJi oL~-~*J0 (Hyprons) oUj^l 
oL-jjJI) U>>JI obj>Jl ti? (Kaons) oU^lS3lj ol^ 





tv 




. K“ t K°,K+ ^ j=J1 

iJ_iU <.LaJl>-jJ O^P i Ww*s»- 4 -j ji' ijt N -“■ 3 

(associated cjI ijjl^Jl ^LjijN L ..2 j 1 j*a jj ^ ol—ijj-AgJl —£>l ot 

oU. ; , .«..•>- « 2 Uj d-oIc- ajj^ijj production) 

•LjjjAI ill! <_3 oJl^- <Lw5"L*-o 4j| jij (_5j>-l 

^-y-i Lo ^j_p c-j i—iL*_vaJI J^pUxU L*_s^>U>-j Lj^I yu\ jj_SCi 1^1 L>bj LA 

4^UaJl ia . a> - O^jLdj jA2j tj? I^aJI <J^»- y> L*^j_LL>*j 

tLwA^jp 9 l) ^ *j i_L->L»-»— w >bJ 1 ol Ijl_i^ 

^-a w-UJl oJla aij (Resonance Particles) ^1 Lo^-w^J IS" 

. U Lo_^-—.^>tJ Li l ^ V ■ <t«■< i ^ jl 1 ki. .--‘.•-■i, 1 I 


7T+P->A°+£ 0 
A 0 -» tt” + p 


K l 


n + tt 


4jijill oJl§J li_^LJi iJiA ( Jlo JuaJ 

ol^ Oj-^xpI j S y i^Lj 4 J yyj (strangeness quantum number) 

4 — *ATL*>! AA jp (jtj oU^A^Jl 4jI jP 4-JL^i 

. LaJUA^P 4jI jJii 


s°,z-,z + -J S =+l 





dyJ_£)J S=-1 <J >JIj (S=+1 for K + ) bjASU S=+1 i!>JI 

.(S= -1 for K') ^JUl 

i Q (S jiii I-LgJ d)i Jjil 

lisj <.B (J^jjLi! T 3 {_£ jl> j 1 

\ifi\ 

e = r 3+ ^±i.d-4) 


(Gell-mann and -ijL_*K 4_taUw 5 Jj>U-J1 oX-* ur *~~J 

^s> j~*jj Nishijima) 

B + S = Y .(1-5) 

^■ygj dU jL j I (S-ijiii A^JJl) hypercharge _> V<l)f ^ 

:jVl J£JL (1-4)*W~JI 


7 

S = r 3 +-. 
* 3 2 


•( 1 - 6 ) 


: d)l Jl>j (1-4) <Ltal*-«JI jJaj 


+ 1 = . 3 + ^r 3 =I 








n 





j-y~< a, 13 1 


‘ (ji ij^ j >^yJJ (1 ”4) 


o = r 3 + 


i+o 


Tj =~— 

3 2 


4—4_PdjLi^jLSOi jL-dp! ^ JlP ^3 4 j1j*JI o^^jll (1)15"^ 

\ _^yj ^.aXa jjyjjL— jjJjI ^gPJ-Jj5\-j^j l-».')! C 4 - 

(_J^jjLJI oiwLpj+1 dijjlSsJl i ^ST 0 ,jST )l(/k + ,/ir 0 ) 

. ^Jp i-0 <• jA*fi (_g_^LywJ 


+i = r 3 + 


o+i 


r 3 =- 

3 2 


A—PjxkJ^a (_gj.y a . l p wX>-l <L)I ^Jp <J*Jb L^° (wAp-^aJl (JJy*-U 7^ — — (jl 

!j— 4>vd l-Ljfc (3LS^ ijJJJ—1 4_J^j d^-yy-Jj (/k + ) Awollj 4jjbjjj| 

!(_g^p«“I *L$llj AjjU^jji APj^>v4 ./£ 0 J 7k° ybwAy^ t*3LydS^/ 


-i = ri+—=*r 3 =-- 
3 2 3 2 


'(jt—0-t£ J^-\ JaH$J .iwJLyuJl ?3 = ~~ (1)1 wL>«J dlijjj 

oL 


AwoUJ A_Pj^>v4 (_£J, P J—£»-| H° ‘Uky-y*^' (JLj 

•)—3 1 ! (. (^ **,>£. , il + ) Ay's'Ll 4jjbj^jl if-) 

djl)lpLclJl (J 2 + «u-yww^>- v—aL^dS"! I jsJ> U- p_p„Lj 




CaIUcJI eUjjja 2- 



. 4-jL) AJjIjjJjI (_£A»-l < U t ...,. s ,.>«J Tj =— ol 

Life of Particle c^-^i 1 -3-7 


0^^ ^ ^j-uJt) LfcvLtwL*/3^ 

<J^L>- {j~a aJu5” J-j! oWj__v^>- JoUk-N_w>Jl -OjJJj^lj 

(J^_kjl *..jj SJ->-lj iiijia C/’ j^i-| ‘U--wpx]I Jij Jplixll 

: Jio (decay modes) Jl>dl j\:J»\i iw?31 Ub^di 

A 0 -> #“ + jd 

A 0 -» tt° + n 
A 0 -» p + e~ +vj 
A 0 -» p + M~ + % 

(particle ^Uoj J SiS’UJI oL~*>JI jU^i LiUai! Sal* 

c <=• j v' 4Pj —j <5” < u-^>«JI c~*l^ jJ li —-w" frame) 

4_j\^>- jj <Jl£ jjfc Uwo J J&\ i*_Ls<adl jas- Oi AaLI^JJ 

!4»jNI lisj ‘U~wJul lIU^j Lf*^-** 

•( 1-5) 

^U~-~s>dl j—^ t tl^lol-L^-J ^*Liaj (J ^ a-.s ^ l j-** h 

. jaUuJJ oLjiJ^Ni ^Uij J j 








j . — ;xSU»ll *Ljjjs 'jjj.s-MXoA - 

C^-c-LLu^Ji jjju-b 1-3-8 


J-S* ^ j^rj lj* oU^^JJ 3 ja>-SH aw?L>JI 

...c(P t P') t (e + ,e~) '. '^ki* wbJ^> 1§J a^ww^»- 

Resonance Particle 1-4 


Ij—fc yj> AijL^Jl oi jAA II <j LaL*«> jAlv-l LijMl oL~~J*Jl ^Ja *j> Ol 

\Xj* oLj £—Jsj\ wLJj . 10 10 sec jaS< (J>Juv> oli ..^.all 

(^i -w - oJ tJl_5lj'y! 

,■*—> vJ>L«Jl <J^_dJl <LjI Jj •*—$_)* w> tijJJjJ 

l—A jap cJ-i—ol ^ a^_spIp^- y* j >-1 

Lj5y» Ijl I^Jt ij jS j M iil5Ju>j 10 23 sec i-i^r j„ ** 

.Lgjil>ij ^xil l5^V>ijMI ^Sbo J* l-fotp L -®oJu>-jJl A^jjlaJ! Oij 

(Resonance Particles ) *LowJ^J I lw-j L / »wv.w. ' >tJ Lj l **---■■. ■) O L~~>J i 6 
E. LS -*_vi (J-^ 9 (j~~ a ^ 'j(Jjl ^-$1*^51 .(jJjJl oYi> jl 

pli vi—^ t1960 J Ml Sjl^I ojj^ ^1 l$^J t1952 j»U Fermi 

<jj (Alvare ef a/.,) aip y*->^*j j 
« ^ - l l »-iwLfe 1-aS ... i <uJIp ‘Lall? K oL^^>* 

ijMl Jplixil J-*a^ ApUill 2i^p J (oU yj jJl) 




K + P-» A 0 +ff + +;r 


^SLKII pL>^i a, In4 


fY 


a^—xaA^tJ! aIs—aJLJI j oU^LU 4^5 jaJI oljLw^Jl 

4 J_p- L*5li jj.. /o x. l l <1)15" £5^U (J • 2iUs> aJjjx£3VI 

J—>* jfl Oy} —Jl l)Ij .(1)1—XjI a 1—jj—2j IJc^lJ Uj>jL 01 

I J-^J <—jl—S" C—2^3 { J^—*J £>j (l)Lx*j C^~>- CO1>1 lAC-j 1 Ju»J ‘WavJ^-j 

4_Jt>- c 7** /♦—w-1 (a° +^ ,± ) A-PoJl* ^Jp Ijxllal JUlJ O'^ktA .i'* j 

(Resonance state) 

K~~ +P->Y' ± +n l 

(j-« 30 l_p iJL^l am Y * ^il ^ <■ aA &l 1)1 

. A-JsJjil C-»L**~w>e5l 

(d) j__ xl5^^jJl J Ojjl—JI) 4 PLjAI N ^11 A_w**^- 

j! Juilj . Y* yJ-* La y^j 1237 MeV £-V 
(1- JjJlj>J1 .oU j+)S _^-L3 jJ^“1*aJ 1 ^J5L^il (3 -^L*^ ^ j P 









































£SIW| 2_ " 


Conservation Laws jrjj|$§ 

JL^Jl IfrliLS u *L»A*JI 4<L***jaAJ <U**iL*i| ^A 

l»—la^oi (.j-j>-Vl c y2A^Jl ^Jlc-j O^pUiII ^yajKj u^j-b-t. ^ jalJ 

. ( ^ # A ^rol^dJl oJiA 

(jjjL-dll IJa ^ J~^ AJa> > ')^9 

.ids' Jplcll lLjjJp- Lax13 |>u>^x—j 1j^>- 1_$ ^L^slp- ^ ^>-1 

(^jLwj jJ^Lixil <U*£Ji jldjL« cl)t c^!U skiliaJl iL« JaJu>- (J^jlSj 
(_jL> L-Jj •i*iS r ^J-c-Lid! JaA>«j 4 jw>^]| (JLHj jt j^j IajI JJLa 

.(JjL^J! ^J-s A d J ! (J ^1 JaAxJi (^^j-S-5 '^K^oaa 

Mass - Energy Conservation Law ;u^i-3i*ii dj^te 2-1 

*Liajl jio Oj^3 <Jjj*.Q j r - r *^>J ai*153Ij <£ ^=>-bJI iSlLai! (jl ii>-(jLjJi ^jJS 
ji L^J iiLjjb <l_>L I CL>L^«xJ>tJ| J^Laj . L “ j -^i jljju 

. (1-3-1J X*J| ^3 L^ t^_5^->^J LMJls 4 <Jjpx j j ^l^SsJlj AsllaJl <y*j 

E -> m 
m-*E 


K 4- P —► K + TZ + 71* 

A 0 ->■ ?r* +P* 
n° -±P + fr + v~ 


m^y E 




C filial I tLjjJ 

^3 ooj j , /? .i oil—<AJ lj_>- lillA jl I^J-j 4 j1 tj^J 

‘iw - v?- 0 L_oJLj L_£l« 4iUs jJp Jj^a^«xJ!j j-X*Xi L ^ilj AjcJaJi 

'O-wflj ^ jl c j5vi >j IA) 4LJ&11 oU^^tJl j^v?l 3 jLxpI> ® 

cLj^pLisiAl ^ Lj«-« bfciLL^gi j 4_1 ^Ljot olj> 1_4 AJj> < ,a>-\ 

Oj_j jji (Jjij \x>- SJl_*j jl oJj*-i j SjJa^-j *AJ&]1 oU-^>Jl | JA>cJj AjjjiJl 
4 __LaA1 oU-s-~>«Ji ui_A>“ jjjli <pUV? J,[ (_£il l-b>- 0^Ay£) <_£jsM OU~v»>J 

^jLwj jlJ_ pUJ| JJ JSAKB-Baryon number iJ^Jl) 

I^jLa .X*J (jjJjlJi iJ^jl 

p + p —> P + /7+/7+ /T 

JjjjUI i-uJl B +1+1=+1+1+1-1=2 

IjjMl ^jpUxJl UJ-j 1A^> tj J OjA^a JjjjU! iJ^Jl jl Aaj 

;?+/? ?* /7+^ + /? + 7r" 

^jjjLSl iJ^i B +1+1 * +1+1+1+0 

2^3 

J_pIAJ1 IAa jU lAJAjj < J^-UxJl 1 1 a jj Ji jA=*s-« (JjjjI-^ 1 i-uOl 

.JLaLIjV 



4jOL^ w~J»Jl 6® 





il. 1 / « ><i a - 


L^J J— Uo 01 jj— !S(/»J 4ij>r. ,~Lo A__iSLJlP“ iiLlfc 


i J_ p l a .fl. ~> - 0 ^j(£ ip'Lw? d-^J d*>^LpLs*Ji ^jA*j djjU>- JlP_j dj_jd>- 

<^l (/-Lepton quantum number jjxJJl f _ 5 *£Jl ^juJI) ol^w>Ji 

llijlj ^a-j La (J (J ^JlJI iJuJi 01 

71° ->P + J3~ + v~ 


0 = 0 + 1 - 1=0 

:gftl Jpliill diUSJ 

P-^H + yS* + 1 / 

.ilaJI l 0 — 0-1+1—0 

.a^LpI jjjsjdpLazj) ^LS" (_j 1?a>tj 0! vL>0 

j— A lij ^J—lpxi (3 L&_bj! j^jjj jdJl -L>-1 0[ 

.^jijil iai>J Joa>J 

(Jl /i t-JL-Jl < J lJ ^**-2 J za>- 0 ^U) l j«Jc3j 

iJ—*Jl ^-5*3 J -r ip ^ '-Uii_y2 L^IiA>-| ^Jj y ^jJl £y> Oj 

fi~ —> e~ + v + v~ 

JO*J( 1 +1 = +1 + 1-1 =+1 


1 -~->j l_^-Ls^2j idiL .^ja jj uLUL* jl IjwLjj 





i^4UaJI 


— 



!J,i jJ-Uo <JjjUU . V e dlljj Vf, 

7T~ -+/U~ +v~ 

0 = + 1 - 1=0 
P + v~ —> k 4- ji + 


j^pL_4lll ol—i dU.L-:j Js>j_jb>TJ3 !^J j—xJJi {y j-^\ ^LdJI 3 

iaJu>- dlJSj J^Lio N ^jSfl ^Jplalil 
P + v~ * n + e + 


50 (spark chamber) ij ^ill X &j v~ 10 14 jl^i *ui 

L>> j j->-j ^»wL_£- btiag wAaL£o ^1 Jj^ ^Jj’LaxJl 

dUL* oL^ jli dj-b>- ^Uj 

JjSI J-pliJl ul d>jJ*- Ji-iAfcr^ (IP +*"3 {\P 



Ujo .(v e i v p ) <y *yrji 3^' ^J 23 


\ j-Jj y^ ‘bjNl CjN^Lt<Jb b 


K ->M~+ v m 
0 =+ 1 - 1=0 


n* -» ju + + v„ 
0 = - 1 + 1=0 


/T-»« + v p + v~ M -> e ~ +v M +V M 

+1 = +1-1+1=+1 -1 = -1+1-1=-! 




—UD— -— flUalN - - ■-' ii — 

Linear Momentum Conservation £**>.^ts 2-2 

Law 

of i^\ Lkjjfcs-ta Oj^j P = m& Lf laiJ| ^ cJ^ (J-U 

co’^tplilll ^I^jI 4il£ (J J^-Uxll Jjij ^ia>JI iSj^i 
y jz* j JLo^-'y ya M Jj .‘Ujj'bfi 

:<l v s , L>J l £jjiaJI jiJ Uij as- j^JL j^jLai 

"» = t m ° 2 .(2-1) 

L =£.Jl-^5-.( 2-2) 

c 

j j*p jf L~w ^Ul d)jJLsJli 

P = m9 = J- 2 ~f° C -. ( 2 _ 3) 

c 

■*** ' *uj^^*J l Jn£JI d-olj? ^J t 4jf ■ o^ jUI 1j_a yo 

'.a£j?x1* aSsSj L^“J IgJ oii (jOjjJjOJl jl OjJja)I jA* /all 4 j jL—_a) yup 

P = — => m = —.( 2-4) 

c c 


(y-~p ‘Uj^S -—1 Lulls' ^oJl) CjL^*—** c>Ji *_La> oi (_^ 1 4 19 = c Of 

Jj ./jj-^ij Ujj-^» JL-oI?-l y* UjL* U.pj^oJI Is-J^j ii ^ 

^3 OjLaJIj ^>-^J Lo® 3 Jl 5»-l 


e~ +e + 2 y 








i-^_ 4 _L 2 ul — - ——~ --—!g.— -"■■■ i » |-- 

■ Pi — Pf — 0 jM 

.P. =0 ±P f =P r dS e - + e+ *y 


p-l 1 a&Ij <1) j jijj—Jlj <jj ^»x£3NI l5^—^ JL>4 <!)], 

ji O-L.PxJ J>_A3 ■ ^ la->«Jl JaAp- 0Jjli J* Cx* <1)_JJ ji 


( j—* j-^\ j^-^j L^SlftXil -Xs- \y^ (jia>Jl U^j (l)_^o 

j-f' I X-* jl ^^1 ^a>- 0j3i (3^r»- I j-*»J jxa}\ 

J,J_ jjSjiil <jt <j£«j <ci3 A)! jZUj N e~ + e* * y J^-UJii 111 


.a!jjJi {jA t—> jAJIj ojj yi -XXP Ojjj jjJj 


Angular Momentum Conservation j^is2-3 

Law 


p->-j-Jlj S J 53 l ^jJI -Uaijj ; J (^jl_>il t_s^d 

IJL** IJJ .4_*jj^I o^Lax)! ( j— a ij\ j otf Oji' L 

0 ji J,), j j ^jjj-Jlj Uj^-^JNI J?\ £—j->*i '-r^' OjjtaJl 

( L = 0 ) <1)AJL>cj L«Pj jjjj jj_JI Oj__ r ^JVi jl J-as 

(^jL^j J-SJl cLUAjj <>S = \!2h ^-S’Uio ,^^31 Lw^*jj 

^53 t J^L'+S, -0 ( J‘>U^NI J-i ) ^ 





..- j t \ ..1 - - --- t-v'-fl-Li* — — 

JL 4 JI i)j£j jl tUO ^ tUsI y^}Jl ,^-J 

l—^_>KJ UUXJ lft —***J Oj—iyJi Oi ■ jf ~ 0 tl jjU? ~L*J 


J, - 


— 0 (J 5^*J y*~S"L<U y wU*j| 


'X><uo-sij 0^ ( Ja 3 <01 jA <l)jjjJj-Jlj jjy53^lM ^Jp dUtf jiil ,j-a 


y» J_p- jlJj4j 0Ol U'~>- 6jLjSo 


1.2x1 O' 10 sec SjOjI j as- u\3 ^Ut^o, -^u La X oi Nl .t)y*U»Jl Lo^-jXS" 

1.7x10 7 sec (J,| SjUl I jj. Ul yj yj y OijUjI L^J*X>e^»_ V 3i 


.CjUjJj3 ^ UX'X>^v ^ l 4 _^j1 

«T+e + -»2 y S t = 0 f = 1.2xlO“ I0 sec 

e~+e + ->3/ S,= 1 f =1.4x1 O' 7 sec 

Parity Conservation Law jX>nai J 2-4 


aJL (J,) j~_JU _^UXi 4 jX? <jt L>x^sj! (1-3-3) ayXi ci 

4- J^\ oLSU—p-|. <j ~—£p j -S^s—~>Jl a_JL>J a-XmJI 

£-C*r (j j^>L^Jl jl -U^wJl y olS" -lil t (+ £,+>>,+z) - T(“ JCj—^V, - z) 
eUol ^J., ft .d. i V AjwiaJl ol ( _ s ^0 AjJilifcXi O^lApliX (J LgJaXxi 4C-»^lplax]l 
J_J cX*_UX J_plil)| J ^Udl Xi>- j»4p J y- JlyJl y\ ^ <J1 Ur 5 ^ 
ollUj # j t aISjuJ j^cS 1956 ^lp (Lee-Yang) XLX - J 

;I j_>p Us Un j—s. ^ ly- ,J yx^LUa y.o. r v. -> - yp SjLp jUw~>J! 




r.ft tn pujji 'i_ -.'a. 



JI T cr^^-3 Jl J-k^ ^ 


‘‘iS* j* ‘“•^Js^i dj^Aj 


6 ->7X* + K 

0 = 0 + 0 + L 
L = 0 

P B =P^P n ..(-\) L 
P e =-.-.(- 1)°= + 


x -> it* +x~ +/r° 

0 = 0 + 0 +0+ L 
L = 0 

P=P t .P.P ,.(-l) L 

1 ?r >r /r v ' 

P r = -.-.-.(-1)°=- 


{ J_pLdJ) (J ((3j—>* j) .la. d>tj N ^laLjslJ! Ol j—ft 4 A 5 C--doJi &A-gJ (1)^S 
Oj_*Xp| jJUj (wJUa.a.T__w-j^ 1 4 _JU*bjj 4_xiajjJ| jj) 


^jA (j|jjia L$J xr° ^^p SjLp 0 j x I 

jc°-> tf + +7r" a: 0 ->^ + +«■' +^-° 

t w 10" 11 sec. r»10" 8 sec. 


(Jj^\ djUJ! Ja JpUJi J -lai^ jjd Jp JdL~> 

oUfcUcj^l £-J*r J J5Ldj <_r^j t>-^ °L^J' J oU~r 

: A 0 . U»J J xp 0 1 >Jl| ^djl—*dl dl—<J~£ JL-Udj 

. -iSc. 1 a+ J 4__>Ot>lpLd5l j ja-d>u ^Ijd! jLi .A° -» P + 

^1_JJ jl p-J xij dLU <J-P jAJ US' 

J L<dj ^JpliJ\ Jp J*UJI iii>* j_^U dlUj Ajjy ‘•^'^jh’V' 



^j3 JjpUS n'+d—>n + n 

p^j> P .p,x-\t p " -p n .p n nY m 

j o JJJ j-JJ (_£j1 J-JI t£j \^I ol eO 
ol «2JJJw-5j (i.p n = 0) 4^-sJ>jVl (J d)j-S^j LoJ-xp yL^£> 

L*i ( P m = 0) jA.^ 

£v2p*j wiiiJjj d)l jljlf'lj t (Z nw = 1) <L5l$JI 4Jl>tJJ 

: 4~<>Jx]l aJUtJI Uj^o Oi tj^-i ^ cijU 

J f = 0 L m, = 1 dli = 1 aJU- 

P /r .+„ +. + .+ = +. + .- 

^*-1 

(j (P„- = ~Pff -) uijlj^jLJj jLxc-Ij 

. JjjLAll 

Charge Conservation Law ^uiii JaA>. 2-5 

b>- «lXo*P ijAS . AJol) <UxkS" 40>S_«XJ| o' 

^oC*' - ’ 0 COL>t-£<Jl J* OjSo oiLjl iiLlaJl J^>ij ^jjo 

■jA^o J£J| of (_$f olx>«Jjl 





K~ +P ->K~ +P + 7r + +n~ P + P-+P + P+P + P~ 

— e + e = 0 = —e + e + e — e = 0 +e + e~2e = +e + e + e — e = 2e 

Isospion Conservation Law ^jb^vt ^^1.1:^0^15 2-6 

AilbJl *£.£jfi LI .JaJi* (j5jjjjl Jiplidl (J ^ jJl bl <Jp c->jLtlli JoJj 

( J_pliJi j LI JjpliJlj JaA>ru 

a-j^I CJ^ApliJl J ciXL y+»j jl $ L & '>VSL 

! LaLoI L^- ^o->o T 1 Lo-j ^3 ^jl Ws* t^*3 

lO^I^LuJI 4- 1 



*r + + .P->/r + +P 
, 1 3 ,13 

+ l-i— = — = +l + — = — 
2 2 2 2 




( i ^ L ,-(£ r s ). 


(Yr) ■• 

'milia 


r+- 

2 

UaI+jI 




3_ 

2 


, >\_S , (jl Jas>- jU (Jjj Juj . T = — LJ1P Tj = — J bl jrCu N j/ 

‘i£ JpL^i J jUijLo AiJliJ! y»j iSj^.jji^ 

^ »_i > (i 1 (3^^ Lj^ b*' ! < V* < t l eL-,—2. 

7t° -^y + y E° -+A°+/ 

Uu* ^r 3 o-o + o = 0 i+++ iw* 0 = 0 + 0 = 0 

^ £r,=7;=r *0 = 7} m- X 7 i =:r ^ 0 = 7 y 





i^jSLWI < 


_^53j cj^IpUx]! (J 01 .a^j dJJJuj 


.4lllSJ| 4I.S jA Ja_i>«J Ujwj 


0 = 


A 0 -» *r~ + P 

•1 + — = — = 71 y i± r 3i 
2 2 3/ 3/ 


Wjtf* ^ X r 3 


1 1 3 
U-* T t ^0 = l + ~ = T f = -,- 

2 7 2 2 

UfcUi! 


r^r, 


1 1 3 
w 7 , ,=o=i+-=r,=- } - 

2 ' 2 2 

uy 


Tf * 


^ a uuMl LJ^^LjUi! 4_-3 


.(jliykj *z£ja j O'* ^ ‘wij^ail JpUxi! (j <UI Ja5»-^J 

Strangeness Conservation Law c^i^sJi 2-7 

oOlpLiJl <J ,jl>J ^ OjjAJl 0»~v->dl 01 jSi (1-3-6) oyLiJi <J 

Oj-^jj c-i-ou. Ja}>\ £ *.. /»> **£ 1_^JlLxj Lol <L|jp l^J Ot.-.nj*- 

<Jj_£o LalAjJ_^> 01 ^jajLj tlol jAj 1 

i a i> - OjjIS 4-s- L .v fl . l j 0U5 cuxii ojj* .^_£jjLll Jp-LsiU 

(JjjL-wJ {j^l «JaA»*j 01 jjJli :0!jjJl 

o^ULOJlj 0_jj05l o^ULidl j t J_pU01 _Ljo 0A jiJJ ^^.^>01 




CXSLLxtt(tLjjisi|_ -" ■— ■ ■ ■ ■— ■■ — 

.4JUX-K& J}^jiJl W d ^ iJ 4. w fcJ g U*^ J ^531 

LJ^cIaUI eL -1 

K + P —^ K + P + 7t + 71 

-1 + 0 *-1 = 5 , = l “+0 + 0 --l = 5 / = 5 , 

.Ajjjiil CJ^Ulli <J iai>w AjIjaJI 

/ JJin LJ^lcUull i=L —2 

S° -+K°+y 

-1 = -l = 5, = -1 + 0 — —1 = = S ( 

. 2 . ■ j^SCl jJ Joa>«J 4 jI jjJl Ja^^U 

1/ULXJLUdJI LjMcliuUI 2— — '3 

S" -».A° + 7i~ 

-2 = -2 = S i =-l + 0 = ~\ = S f ±S ( 


■ ^3 3j>*> 





viiUafl 




Quarks 


a_oU 4 ^sL>«^ (J oi^w^pxJi ojj p^jJi * C UJ j_*u 


t^Aw-yg") SJ_jJl£- oVji— >«» dJj—^ CjUwwsu.‘ > <J' Jllojl J-*JJ CAjO^JJ <UjUj j 

(Gsllmann aJIaSJI OLoJlS^ aajoJl® £j*J . d~> Lo- ^ .‘....- '> xJ | 0 j_& 
o^k)! oXj* oUi.SU(3) UaJ LS ^ jJII j eight fold way) 

^_J J—2Jj ,4jjJLC -j AoLw CAoI> 4 (J oLjjJjUlj CjIjjJjloJI lJ J> 4-Jl5vfl| 

^jjjLJI aj!^*J 1 ciltaj ^. aI>c^JI c_L&> dy/z>*]\ 

^jLjJjVI X\jS Y=S+B (hypercharge) Uy!>\ a^JLII ^JJlj 

O A<w*J>- A^**a^>- Aj^lalll aJLft j• 7"3 


167 L^dcSj T - T 3 ~0 j S - -3 a_j! j&j aJL*^ ai»*JLi l a jJ |j 

. (Af s -M n =M s -M z = M n _ -M- ) 5MeV 


JP = 1 - 

(t t) 


m **° K* + (us) 



(SU) K*‘ 


K*° (38) 




J^SUeJI 4- 

J = 1' Aic- (3-1) 


J P *(T 

(u> 



<sJ> K~ K° (s 3 ) 


/ = 0‘ ^ ^J>fl oAJJ (3-2) 



1 + 

J -y ak. 6-W (3-3) JiAS 


'(jL l* (3-3) {j* 



LJitt j$UaxJl J,} ^ 

.djjjJS r 3 = ~ j jr 3 = i UUii j t = l LjJ (JiA»jJ 




t\ 


£_ J-l 'i a 


. ^SUajJl 4 ^Lo [C\j**S <Uk_w^c»- j j^lkxJ! <LjtAj L$J>w> 4.o-^w>^- "2 

S.iJ_*X<Jl jjLlalJl 0ia_J^J! (j^ 4 ^ ^Ujj oLj-^c>tJl — 3 

. ‘Lp LJuX^J 1 j) 

IjJ jiabjj S — — t$J jJSwJl (J 0*5 j>- jj^tJl oU*-«-*>eJl ^^7 “ 4 

.(Octet J =1/2 + ) aJLwJI £ = — <lJ-p jJILj (J d)ii 

U jJu -L^P l£~i <3^1 j^-J 

( J_)l<JI Ja_J>xJl ^j~-A> ^-a P (3jJJjUl 

0^1 . S JP-Liil jjA^ao L^J eJjJ^- 5 pO^S\J l^-li (JjiJi 

U j_j>-j^JI j_* ^iJlj ^ ^J! ajLi^ L^ bulp |»jjb uij^, 

(Unitary j_^J 1 ^jjJI J5L»U Z + P+ jl J^i; *HJJaj .(Unitary spin) 
Uz = +~ JIOLjuJ Jl ajjL^ <_/ Jj doublet) 


4 X aJ —JJ 2 


2 <“*—^ 4 ^l3j—SjjT^ 0-1 *J 


. o^Lo-^w^>*J I 


£jJ-M ^j— t oJ l ..rfnl OuI_Aj “ ; ^ <3 j—^j—^ j^uji u! 

J iaJJi .C/ z (s-)=-Ij ^(z~)=+l £* _b^J| 

oij C/ z = 1 ^ ' =, ° 4 £° j <3 t _ 5 ® oi w »- 

01 j ia—->*3UJl ^—aj .£/ z (s°) = -1 tC/ z (x°) = 0 c U 2 (n)~ +1 





ijli uiU^lS' u L^J JsLJ! Ja^xJl q* jb j^p ajoIjJ) 

TT _V Q t'l 1\ 


u 2 = r-^. 

2 2 


7 

T ., =Q -. 

3 ^ 2 


•(3-1) 


•(3-2) 


jJj-o i 


: JpJ^ 


U Z =~~ 2 T 3 
z 2 3 


.(3-3) 


SU(3) ijial] J^Lp ^Ij U jJp uUI*j t JUao^U 

J p a 3/2 + 


KS9SI 


DECU O' PLET 

(sss) 


./ -- Aid (yjjJall (3-4) JiiSI 













iPJKLLaJI pbjji 


lIjVL->■ [jl—oj J_iuJ oLjjjjLJ! Of L^-li .SU(3) a_j^ jjJ OVl 


r 




oU-w^>J oN 1—p- (jL*j L_m5lj! i)Lj_si oUjj-jJJj . J p = ^ 

1^-yg.wj JaJ j ob>-i--w>J! o-Lfc jl lijj . J p = 0 LgJ <_£ j>-\ 

^»L^« J ijj ^>j)i\ eJjhkjali^w« 4 JL>- 64 dUb»A 0 

JS" bwJa*j «LjL*i!l oUjjjlJI t_j j»& . (1,8,8,10,10,27) 

'if? l / 3 ^OjAlw^JI jc^J oJilw^Jl O^/UJl 



L(a, b, c ) *L_*ip| aj^Aj ^ A 4P ijf ^ 0 -1 

*-JU! ^j^Jl . (3) ilUjj ((3-5) JSJLfl) j Jjy\ JJ aJj ^iJl cJiJl 
^iLvi^ pLvipl ajMj {j* 0 j£z (SiLi^JI <4) A~ ^ A Jl 

((3-6) J5L^Jl) J_pV 1 Jl *u«1j I4I4*-’ a-,b- t c- pj&j Jj'j/I 







iJljJlj ^y2_*j £_4 yJJiL^Ji f-LvajC-l Jsj^jj t(3 ) i!l*bj 

4_<oL<»_i 4 O^A AjliS' yaj . P-LyS^I ^Lm> ^J-o-iiW.i^ (3) X (3 ) 

Lo5j 3^-1 J f’\+tZLC-\ 

(3)®(3-) = (8)©(l) 


<L-*jjI ^J-jP pLaC'I iJLj 5iU- {J l«l 

• \y** 

(8)® (8") - 27 =10 + 10 + 8 + 8 + 1 



A = {a~ ,b~ >c~^ fi+^i AiiiS (> 3^jSi« A ic.>»a-4 (3-6) 

Quarks c^jj^sui 3-1 


J—->-j i<oL-*J! i_•*—j—s^l^*Jl ( y-P c-*—?x*lJ 

cuLlj J *jjJlj di < u s <?LJl ‘iLLiJl (J 6j 

dilj oL^j lf^ 4jXvs ( cjIa?-j y* iJjNl cjU~>J 1 y 

.Quark 





i^SUa!' 'S^.j-*Saa 


A-—ij'bM ft(jl L» OlS’jl_^£J| 63-fc ll)l 


cjL—»J aM-UI L^oj^^j tj^r—- J 1 ^ ~-.i^U>aJ .o^ 1—-^. U 


L^.U.1 ^ I^pI jjlj oLo-v*—>Jl )(1)1 oilift CjUjjj^i1\_j 


.(3-7) J51jU 1 _ylaj! i. Quark iij! j *u^L-1 oLJ aj!>C 
t 



(3-7) JLiil 




-s i ^lWI#LJ i 41 .^ 4 k va 4 ._, , .. ■ oi — — 

Quark Model 3-2 

Jl*j j Sakata UlS'L- ^ (1956) ^Ip j 

L ^ JlP ^ JJaj p-\ j>"\ oIijjjUI yy^T ol ^A* 5 

£—a X y n,p {j~e> <j j&jij iot>C j (subunits) ol-u*-jJI c^j 

. LgJ SiL^Jl 

<^_W>cJ0 ( j_* £JJ ,j—'* Oj-£cS iA_& 

Ot-4 (j—ajj| ijjiaj) 4_p4 _j jlaJ 4wJj LSj t—Lis Ia5"j (IaJjJ-^j 

!CjUj^saJ! Oj£j j^Jal\ ^p\>- 

3® 3" =8© 1 

Ly _^SUt iwLjJ! Ja_a>xJ lAiiij oL«> iJ!j^j {j* oiyli oUjjjLSI l*| 

:ojUjjjU! j^ js»L_oJI 1*1 

3®3'®3 = 15@6©3©3 

Gellmann- iilj-jj j oUJi" ^ J_5 Ju^ JjNj 

y, ,^li *LJl yiu jl Sakata ULS'Lw- oL (1965) (*U Zweig 

; 4 } ^Jj-LJI <jtj 

3<S>3~®3 = 10+ 8 + 8 + 1 


i]jij_50t ^_*»i DUlS” jU>l *Ai) .+>jlla*Jlj <u>^>w2i! 




4 - is-* 


-oLd^ i /^ji .cuLjjjjLJ! ^w-iJjj o*>L<>, ^ m ^> bJI o±a ^p (Quarks) 

L <*S j) (kiijl—SjI^^Jl) 1 cijL^^*a^*J! flui_^ cj I L»-s>c^-v^j 

: J^ 

e = r 3 +|.(3-4) 

ci ->- >r «*> —* (fractional) £\)l <c>s_J>i ol J^>"j JiS j 

Lo^ «Uw^Lu/l oJ>-j jk^a\j Cw J d)jjX^JNi <ud» <1)U^j (1)jj^S3Nl 

4> r _. /? ^) ijOL*»j_W>xJ Aj—^£>1J_>«Jlj «U-w<k^j| iljlC-Sfl 

^a 1 $ >~a> l5 -43 iLyidl iijlj-SCii 4*^1 ilJip'Sfl l4 (3-1) Jjd^JL 

.oljLiNl 


^Oli]| S^uaJI 

e 


5 

Y 

I 

r 3 

Anal 

F 

+ 2e/3 

1/3 

0 

1/3 

l/2h 

1/2 

M 

(Jjjjjjiil n 

— e/3 

1/3 

0 

1/3 

l/2h 

-1/2 

M 

A tiiJAW A 

-e/3 

1/3 

-1 

-2/3 

1/2 n 

0 

M+ \AUe\ 


tSj- 3 ) <j^*dl (j* olSji j53l d)I jUJuT ^Iklwol JLsj 

Jh* u > d, s3j^jJL LgJ y>jj (strange ^jp) j (down c^i) j (up 

l—fl-fc l p Q>c_±Jl yddjio Lwj & 5 1 -1/2?z jjfc L^o ^JS <1)1 ! jj>j&\j .JJjdl 
. + 2/3 jl ±1/3 oUj^S 3")/l 







J—1 '■dli.L-J tdijlj|—5 nJ| {j* IJ-4.P <Jjjl>eXl! w_djwaj 

4—^1) ^j—o 4j.}Ip j*& SjS ^j>-j L<uj ita yCj> jj^iail ^.l?“ • V 

lj_A .(^ilj-3 1— rJj* b>» oUww^tJi 

a_^U- j (color forces) 0jJJl & j-k c5y J^Ji^l j>yJl 

I (1)1 ^UJljJI JtfJ-J JV-^I ldJujl^y»-| 

j^i\j 01 jiS 11 La^vOJ ~ 1 

.(RBG) tjjj^Ilj 


<LL*2j c-~*j N dijljJ>3l cs- 1 ^' oLo')UJI ai-A 01 <yj - 2 

^_3_j j . A>l_ 0 ,n oli-v? oL-a^bJi Oj^ 1 *«jJ_J tA4^L«Jl 

(jjJ Oi i) ^>-1^ oLa^AxJI fiuLft 

b\ j-ftfl 4 J dj(j-* iaJ^- {jA OjSoS ^ ^ 
diiUj JjjVlj J ^i\ M jb oL5jl^ 4J*i J-p bjJjJ\ 

. aJ ijjJ N 0 


<.L(ijJ J1 dijij-SOl jjj-j s^L>^J1 c^yil jX^> <-LJ-*Jl ~ ^ 

. J,[ ‘L^JsLi^J iSjfflj J»1 Ult^ 

4_oSU r Jl5' a^L-^I (5jaJI ^ JW^* LdUAJ 

l5w>U^Jb (1)jlil y& SwbwbfJl AJ^iaJl 0 Aa pL»A*J| ,_y<k-*-**JJ (.d^JsLi-aj^^3lj 





o V 






ebj-13 A- 


. (Quantum Choromodynamic QCD) <ySS\ jjJJl 

Lgj*A_j>«j 6j—* S a Lul j — Ijl-^j )—^73 j 

liA> a^Ji lISj .(Gluon) 0 aJLp Jjbbi Cft*~ a j L»_jS olS^)l 

‘L_JwwJI c*J>\S (jlj 4 (^ j > i—JLe (jjjyM <Jib£> b» tJ>J. <Jb&*yi 

a JCjP 4j kj* oJtP^-b (1) j} *d (ijjbL>-) JuJtsJl jv«_i*aJL 3 Jlic-I llA 

• O^JJ iUb- Sji 0 ,j >-1 ^iJ&VI iijlIS jIj jp-\ J,) iJjl jS 

(J?JJj *i ^ ^ l j —‘ 9 Ob.Si *L-UJl objJaj tjj£j ^ 53 j 

^jt—*L> ) uj U, d, S j-S- £-jlj iijlj-S ^j_^>-j 

jt—* ■ 1500 MeV 2/3 4^x>vJi aOLp c^s^Jb 3 jLj (charm 

) ^r~ < L_Lp ^ U? lj ^^UJi ^0 ^*X>oj (J l-t ? . t . vS j i^Ui JLwj 

LS3 Jaj Of'U- {jAj .<U^>fcvaJl 4x1x53 Ijiaj (bottom ^jjjj 

(j—* (j^A>&x5l *aS j (top l.jjj') <^s ^ob^ i3jlS jj j^/s jS yi 

^ ^\A£ ^Lp bl^P 

53>j iijl^j—5 53 Ol b_-tLgJ 4X~v^j jS” o j 

j__a i3jl^S3J xL*Ji i)j£j fciiJJJ (ijjij ^^>1 4 j^j oljJI aJ 0 j£L* 


j^Aj 3 4X -*o 




{u, d, s, c, b, t} RBG 
{u, d, s', c , b', t} RBG 




iJjljJsJ! jl oJjJc>- SjS^ O^1= aj\ ciijijSQJ ^SUjJi {y 

lj_A -L_sj ( 0 ) «Cj»^JL]| ^y 9-y>- y> Mjj (1©) ^LalS - ^>UU- i) 

. 1965 ^*Ip (Lee) J, j 1964 ^Ip (Bacry) g £b JJ ^ goj*Jl 



J t(1964) fU (Feynman) oU^.U JJ ±y f J ^AJ' U 

j^p j lS»LJjJ£ j-wJl j (jL^jli j-*JI lj-*> 

Sjj _-jsj j—<*Ji IAa .(Partons) <1 )jjjLJ1 <3L 4 UIJJ 

;JLs>- J—S' Jp .0“0jlJJI ajlla?.«l 3 JSVj 

A—v^lpxJl AjIj y—^ 3 £*ij—J J—<1)1 4 —:>-jj L-OjJ>eJ CL—^iLjJl cJ-* 
oLJjl jS *Lj^Aj 3JoLjjJol^JI 6Lj (3-8) J^lccil 

.i3jjSC)l j5 y* <UJ>Cj CL>Ujj*Jl 





Proton ( uud ) Neutron (udd ) 

q = -\-e q — 0 

(a) 



Positive pion, 77- + ( ud ) 
q = 

(b) 
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(3-8) J&Aft 

Q— 0 ^jj> r". j OiJjJ \£> j kiJj 

o OS I aJjN! oLw>J|j olw > 

< j_c- <st^—>«Jl -l—o *_sJ—& IJl>- aJIp 43LU oil y3j K oJlSj cujLS^ 

<1)1 .O^ApLiJl 4—^1JwO [£j>*i oJjJ j>J| OluwxlI ojjh 





Ji4 


OJUlpI oL<ww*>Jl oAa uj jaIU <Uuy>«l]i (3jlali 

aajUa 3I Sillall ej^i cJl£ <JjSll £^-^1 4-liSOl jl <cj>*j 31 
<L$l-jLiljl Iwi-a^Jl Obl-AjJl C-wa^>cl^»l liJJiJ .0U-«*J>JJ 
U^S\ J_4^ jljJl £j-Ji Ul yJl i-LgJ 4 pUa 3I 43Jia (_£^>-Vl 

(jj—Sb LoJlJp) 4Pj—sJii (j—« Lg—<-«<L3 4<C^>*^J| ^P ^iaJl 

.*^La j5\jC jI^IlIp 4ia—‘-iXJij (LXjtf ^-s-j3l 


Quantum j^uut cu^uiu u 2 u*>J (jr <s^\ jud! 3-3 

Field Description for Exchange Particles interaction 

(1 )jjl j-^^j 0 j-jj j*3l (j L-*-° oLS”jlj£Jb cLLv^j hy&\ S>a3I 

o j—aJI oJ _ft (jl bwaj ^ L*»* oUjyj^'j 

..la.29 J_pL^o s>-\j {_ 5 jL-j <ajij (gluon) 

Jljjdl l y^J lojfi L$3 4j_^I 4JJ>JI .OlSjlj^Jl £*J 4^ £« 

40ljJSl oUJ^' j iajjj U$b ^ (confinement) 

^O-aj i j—^ Ni JJ^Ji (J-^ 4 -jI3j t^jIjS” d\ ( ^iaXvvo Nj 

oj ^tp tj) 

o^U-U eJuJ>- 43b- od~>- (CERN J 

oiljJj>«Jl — <J1 jLSj1^5sJ| L-«j^A3 4-a3j^»J 1 (_^ji—ma>J\ ,j—^ *—4vai» 




- ■ I ^ ^ - .. "■——— — 

<-*jliJl _=? J\ o^1 .a? ^_c. jJlj (quark-gluon) 

Oj—S" (J y&J L-y2ji 4P4X*9j ^Jl ^J-P \p yn 

*LJU- L$ : .P LjiUj ^ Pb jAJ ^^JljpJl ^lUla- y^ l y» 4j j.la ,/a& Aj_jU 

L^—yijw 4A_yaiL« c—Jl£T oLS'jl Aj) ^j 

.ol^UJl aIs.A jj 


4_jli o jjj j_~Jlj jl jjJjjjJ} ^JljJs}\ 'Ua^jJL cjj y^S\ y*J 

OUj^L^Jl ^0 J-^0 UL>lSjl jS dl^yu ^ya (3j5Cj 

jt J_m>1 jlSCat iiliAj t (3-9) JSC^I Jiit 1 J-Ujj ^JJI (*l>yj| J*.) 

_$l (j— 1 +j—fr**') lijl jS (j— 4 >*—illij 6^5 \j 

Ol—iJ^dl 0 J_Aj ((3 ^-JlA + <jjjl) jl ( yO>^\ ^Lyia + jjzS*- 1) 

6jLa«_$ (jV y& y&j 4ij 

J_Jbil (jLi j?-\ oLu-j-j oijjj^Ssiii j>-3[f u^jl>-i of 

‘X-i’yy ijJ-Ji y* N-ij j i3j)J l^J oijj-X>Jl l)S( t4j|Ju J^3*-j o ^j 
yOyi^j j djJJi (3j—*— 0 oU_^L>Jl .j—■o 

.(Guleball) ^ .. a UI qjS ^p 

(asymptotic a—^^axII ajjjJI ^jJLLJ <_£ y>-\ <u^U^- vb -jjj 

freedom) 



iaIUoJI 



oLSlkJl 4wU>- jp^i oIjj*1>J|j ol£j!j53l J^»*j 

ot <J—p iSL jw otfjlj53l Jajyj «L^a La>- aj j^Jl sjijl ^ j£j Sj^LaJI 

^_v2j 4_JL*J1 oLjllaJI JuP- <0l (Jjj o 

^J_5Ukj ^L_^j L»oj o^jl^sCJI I jj£ SjjiJI 


.5 y>Ji\ 
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(3-9) JLUI 





, \r 




Quantum Electrodynamics cusb^sai isLyjLaaJi 3-4 

(QED) 

W>bj oij^l AyS oVU*^ dJN Jj iUUuJl oU-~*skJI c_iU?j £)f 

( J_ v aXj 4-j^iaJ (J AjL Jjil! A^lalwj ( ^ r <Jj i-L*j «b>- ^ oJJU-s 

._ a ./?" £9 LiJj N L ./a"l j ^_>- 

5—jlj^531 ISwjIJjJlL) l)^laj li^ .Ij >-y liv*j ^jiJIj CjL>-j^JIj oU^>J| 

jl o3jjzS3V 1 ^■?•irt' t^i) j^J L5 *S3l JUmJI JlUS' 4~*53l 

jj-^j ^jdl (JbjMjl ila^*/ljj ( JJ&j ^31 olijjjjj^Jl 

4-jylaj yj&>- ix]j .'cijt> US' LULj <lpUl«J[ CjIj j^sSUNl £U*ul jj (1)! 

<U^~UsU*^jotAp’UiJl <wfl—^j (J Sj—^SsJi oL_>-b»jJi » ■ (Q£D) 
4_>jAJ 1 (J jJ-c -j 4j _y*c_JUJl oUw-mUU 

4_*lUI o^ULUxl! Uv3jJ CokwJ aJUmJI oU^Iaill jjU-1 y$\ 

jj^U-UjU!! oJ—gJ a ijL%.»JL> % U L^-l»*j _b ji I 

. 4*wJs>IjJc-S J 

4-j^1sc 3 <b_**UjS/l o U c J l ( _U>1 jjO_U ^ ^J-Pxj JjUJI I^jua jJi U_& y 
CjU-j-w^tJ! t—J 4_*lp AA .,rt i 4_y>53l oNL>t^Jl j^y^SCJl (Jl>&^Jl 

OLSUJij jUo^Jl £—J?y] <Jlj.s y o^UwJI eJiA titaLioJI 

^b-Rjjjy L_3 yj <Us^bj JljjJl ajjbj yi]J aJj>c^J1 4 JUJI ^L^l 






OwL_gJj A_jjiaxll 0 Sil—<Jd 4—j^Jl j-ftl la*Jl 01 l^S” tL> yi^a « 

Jrisl-Jj cJ__^ 4_iljjLaj A^wJUi cL^j! yfclia^ ol>-j^Jl 

o jlflLuJl <tLL (J| £y>-y y~£\ Oj£j 0 ^f >yi A+S^yA 

.o j*S 0jSO ^jil “p|^ll 

^ L« <pLv*> 1 .ii^o^jLk ol Nj 

_jdl ^jbl__i*Jl til_ix> ^J—fctu ot—> Lg^s (Jjl>- oL»«ww*^tiJ ibLuJI oO^pIj&U S 

_ p\jcj jj^Jj AisL ^g^ll ol—J^ p- ^lo d a ib jUs o« ft ! 1*^1 

jl cj} J—*aj ^ ‘dJ-Ji ^j-5 ^jJxJj y* ^l-b-1 

• *++& y 


Quantum Chromodynamics (QCD) ^_^ic^iJils^»Ujaii3-5 

cJl—>v<»Jl 4 _>^lid ^pUol JLUS' 4 -jjJlII K^L,jUJ L>^iaj 1SI ’•y^* L*d l>Aiol 

^y-wijLoJl ojJl (J 4—i^idl O^Apl—^dl jl (j»j— a!I ^—a—-, ^>" l—^-1 Xj>*j ^^-^531 

,(^jU*^J0 

Obi—sAl 1 --o-.p l (3 QED £/» <Lw*^3l 4~>^Ul 1^-woLiji-iJL 4v?l>0l 4j ^ 3 -d l yA~ij 
S ~ \h |»j-Jl old 4 _)c531 oJp oUjjjJl I g da; . ■ *j Oj-^i ^1 o^ApUxII 
O-uU olijiai ^-o-J pj^l Idjb ot^lajj ‘4j^r*‘ a 




£-X*jSj 



\0 





Jl cu-jliiL sUwJI 2JuUi w’UJl Jjb: Cw- gauge theories 
J_£J o^kJI cjL>JI*^JI j U+9 Ijjp gauge invariance 

^JL> wvJ ^jdlj QCD j Q£D 4 _wo_sCJl j^UIj 4 ^^ 5 nJI a*$ 1 >l^wabjjJl 

jJb CJ^AplixJJ 

ol__s QCD 4 _JU»>- tCjLi ji £• Sjl —«p cjLjjjjJI 0 QED a_JL»~ 


oLj ji jiil AjL4 <Cpx_*iJI 4 QjUp CjLJ jJwjmJl jj-J P Sjl«P CjUjjjJl 

•(j ^*"' 3 J^ji ^ 


4 —jjiJI o*>Ul—idJ aJUi— v^Jl ol —^—«j 1—*Jl U—»j 

£ljjSll ^ jS J£J jj5C» ^1 ^ju I 1* (flavour independent) 

oMl>- (J (J^^ 4 iSj* (u ( d, s, c, b, t) <c~JI 

‘L^jjJJl ob>u.iJl a1*£>caJ| ^-Jlll ij+JL j A-bob*- (b 4 9 j-^LS^i ( Tj^l) 

.colour charges 

CjVU4Ij wU_>-^j CsLijlali 3-6 


I—^ J^ll ^ b**- 4 1^^ o*^pliJl l) 1 b»L^>“ ^«£JI kllol^jwa ^JLo (j[ 

1 (J—J—*■>" ^~^* 4 4iXjw\^fciJl ^Up | /^a 4j>-jO ^itlA AJbalS^ A$Ju 
Jl I aJjUxjO <J>). A^»t£ ^^1 <ui?xJ! ^4^IU-*i -UJj5*tj ApL-/* OjJ^ju 

CjUj-> ^JUj t/^l ObJaJl £jA J~S ^Jp J y>-J ^jA 'bljb IJ^-JA 




CnlUalt itb^jis 



■\-v 





J(1)Ui lJIS’ ub- J! V ^£lj l$L wUSj 

Ij_Jaj 4_alp Oiw\_^-S/b J^Xlll ^SvoJ 4 jI V iJL^a 41^15" o_L>-djjiaj 

iajjlaj o'bl.iLa-aJ! ( Jj3- 4 pUoI~»jI ^wlP j tillJuS"j _bA>tljl ^.AP lA-yJ 


1 ^.yg? tljL^* 4ia^~Jl l^AsI ^aJi (_J *Vl 4 L 3 J) ■ K/i» 

*< jjC—wJ-wo Lul J j—aII *g!aX^wJ jj-^j y 4 la «.*■>*> l^XfrLv? 

.4jLJL>JI £a JUS3I (j-o l*jj3 U_$3 U1 «*tJ ^1 o'VjU^JI 


(_£J..1H J, j— > ^ ba j-Z+fi’ £—**1x11 (1) yA\ I. y* IAjJ 

4_Jjtj ^L_P~1 j i4y~*Js>bJca y aj3 ^r^./3£i 4 1 (_£ 

4 j_aJl 4j2^* yiii a y tfll A-*^ y> ly£L>! S^iaj O^j-ll y* 


y ...\ \ Jl*p b«J 1 a\*3.mi\ yj 4 i~ju* 0 yy$£S\ a 

J-~SL> *J^XI 4^-vaU- ^-rri ^‘>L- - U<2 j1 cJ^p 

oLyw-J>*Jl jj-a «b-ijJi £^lil <^ > ^ ? J £_5^^J ^b^xil 

jxp lijjS) iiLboJ! oU~>JI y> ->ap <u! 1 j-Lj OIS 1 Uwa Naj oNU- 

4 «jjiaj »-3 j-p~" 0 Jji jU XJlxJl oUliaJl (J Ui t(4aix>^<dl oliUaj' 


SAjJbJl cij^bJl 4-_«Jb 4_jjkJl s-L& J tij y*i il ijlw> 


j-jS^Sll oliUaJl JAP iljloJXa ajuJ^oj »-ij-ya^J olljjjiJlj Z°,W ,W 

j y£Li oL»-^w>Ji ^yj JjUj^I lJb*> j^i 4^aa>tuJl oliUall U1 100 GeVy> 




i^IUoJI Ji. ' * Mdla 



%v 





1— g -Li>->cj ^ 1 ^Jjoi! ^Ja>o L»«o *^cS Z ,JV ,fY ^y^-ys y& 

• jy3* (_£j_a oli 

«l) AjL^-^aj j^^j! ®jill £o 4 jjj jjJ| ojiSl lX ^>-y C-ilS^ <LoliJl <]jb>i^>Ji 

5-JUJ! 5_5QaJ1 j t Grand Unified Theory ( GUT) S-b-^JI s y \| 

J-w>-^xJl illls l^>- oSJ»*SJl ^vjSj LgJ (_£jJill ^l)| 

cj*>L>«a« <J LJt»- <L>-lia c*-«J 10 15 jS\ yaj t^diwJI 

fj - 15 jXtl Aijjc<jl f-y# tjj toL~~>J1 

jjj-J tSj^JyT cij-® ^ <j-<Ja*Jl l ^i 5>_ C*l5ji^ 

iS'^l otS*jij53l oAa d)lj tOj^££3^/1 JjXy£?j iijlj5^Jl 
jt^plj —‘A«v^LJi lif LoT — 0_jil*^a ^J,l j^ixxj ajl5 a$U» L^- 
4-Zj\j J^e- o!5"jl^^jl islia y> ^J-A^o (jj-t)l |»JLP IwL^ 

t) j-^i, cJU^-N! IAa aJIv? ya ^JU Ujjj^JI w-3 y* ^bdLj 

(j—« I—9wi_gJl t« b-^Jld ULu l^U t, _j J"* GUY Olj^iaj ' 1 ^y] 12.. La A^i 

^^SCJI J ?0 yj jr^ iJLj: 

olSjl^SG! Jaj olj^j^Jl ^UbJI J-Uedl ^u~St*Jl ^LLjJI 

.jj^aiii 1 *xa <ol_«JI i _y 

i^ j, - ■ » 1 oJ_j>-j^»J! ohXa jjis SJlC- A>-Ajli ijp^-1 j jia; 




A— jJd\j QCD 4—4—J^JJ| ISCs^UjJ \\ Jj « (J— < _ y jd l J GUT 

— J—9j cJj—<p—J <^-^1 LljLiUaJl Xjj* e-lj*- aXjkUsj 

3 oL-S*jlj53l .>._yg 3 "1974 ^>1_£• j ^>-j^_>- 

3 (c/) J L J l 3jlj— a_«j j} o*blL>- l£j^C Ju >-jj cJI-^uJ! 3-^ jz£-o 

l^aju 3^ J£)1 <^S3 j (standard model) (^UJl) 

ol_S"jlj53l 4—Jjj aJU- 3~^ ^jjp ^^4*31 

.(3-10) JS^JIJU S(d„d,.d t ) 



(3-10) JiJtfl 



ir* o ' ** - - ^ ^ i * *y . 31 i e+ > v e ) 

. (3-11) JSLiJI 3 U5 Jf * oUjjj>3l dA*Jl Ji> 



(3-11) 




C^SUall 2_ — — 

^_a ^ La^jdaju CjLSjuillij diisJjSLlI (jiLaJ *ol ^Jj Aildai 

.(3-12) 




^ e + 

s Vs 


yfli- jJjljS" 

H. 


'a 



gauge boson 

"\^x 

gauge boson (_^_ 

Y 


X lU. )ji 


Y u-LS jjjji 



(3-12) Ji&l 



— “ ,— — (j t)^4-S*sJ X, Y ^ L -" J ^ (_J“^ *3 

M x = (l0 ,s GeV/c 2 ) 5 jJj>- <j M x «lIxSLH d)j5sI {J i -d>jii! 

dsli Sd__>-_jJI SJbSCJl oJl_a ju*pj (Unification mass M x ) 

O—jlj dljL-Jb o J _^^a (j_ jSvj dJjjLJl dJlSLo^oJl 

c— ; l±] s^kLuJi 4 _juJ g„ (grand unified coupling constant) pJipVl 

•0^ 


£l s _L 

4^- 42 


.(3-5) 


4 i ' (_5 (,£^— 1 fcJl (dJ*)! jL>^a (d-'Ju^-! ol ^3?^-? 

f^\ jl j—d*J (_5^i ‘L—d’Llj^ Ojjaiil J ^l5j__A ( jAJdu dJU La ( _^i’_^0dJ 

CPT J-jUjiU £_v 25>J dt <u ; _*dJi ij^5\J! l1Lj15wJ 
1^1 Jj-i-. /a j oU--~>Jl oJ- U‘ 1-^1 lil IS’iillv-j d^SsJl dl up** 









j! —^i -ua.—m^Ji J—j —aj c j —«uji —»^i lif ^1) 

P ^j-Jl f Ij^o- 10 si jJ>\ ojj +0 J^l pjj( charge conjugation i^tJl 
^ w'.s> '> - oL>«j1 fj s jy -0 ul (parity ^iil^JI j^j 

J—Aj T jjjpjl *luU>0-4ilj) oUtjI U^jI p-JJ (oL^j'bfi (J 
{J,| CjLw-^AJ <S"etpxji ^1 *j j (Time reversal invariant 
^,/a.PxJ V <LJj^jl olj Uki> 1 Jv& (SJLL-Jl 4l»jSl! (J Js*Nl 4*- T !5j 
JLlal lilj iJuwU_**) j(l)ii 4 ^" 1*^-* 


ISj T JiUJ 'bf <_sji iil^A ol Lwj til)_j53l ^.a U tj f-1 jjU 

cljI_I cjIJuwL-v 2 * ^ ol o>Xa ilil_j 

till ioISj!I ol^j, oUj^S3N I i^>y>*-> ,j^* olS”j!j5” 


1 ^ 1 1U? ^xjI olSjlj^Jl ol-U-Lo 1I1I5 <L)^ 5 dl 

LaI Ji SiUJl 1 —i)jj (_yA o-Laj OIS*jlj^Jl ^ 

ljLo^ <L-J|^_JilJi ^-SCoj 4_Jp ( j—:>*-> (_$J-Jl (J^SGi O^* Ij^sAj til)^l 


.iaii US’ L?U1 5-U>-j^Ji obj ialU 

4_J5UJi jLj jSfi —- 4-jJaj S^-r^Vl J oj j-4^ 

cjy-j u Jji l- ^ <J^r 4V ifttj (superstring theory) 

j -v 1 *» 1 jj ^ j i_)^ a^wL»> iSli oUi ol (*-^l_J 






v^ 


jL»jl y« c-jIaL?- oiUJJ 4^**'L-*»SlI ^ "i 

J^LojVl J-^tJ yji jijjVl oJLftj -kaJL j; JSwi Oj5o (1)1 Ja V Ju |JU>- 
jj—* ^J-Jl p^w>Ji i*A>o yjl ^A <tJLJjJl oljljlA^J 

cL ->■ SJ»aL_*w> j~^ Cj~~^ ^ oLj_^jj jJl t<LUL>s-Jtij axIxS" lLw^»- 

U-aJ <1)^531 j!j cj jjj^ 1 y* 10 20 ^ yu^>l J! J-s^i J yji! 

oyljJloJl Sj_^>-V! (1)Lj Loip 1 -La» — 4_yj 4 / 1 ?A.I ya j^c£Lo 

. k±J jJI oLJLJLl! aJlA J_^3 y <1)1 ^laX«J M L^i *)/l Lj_a J_oj j y« ^_p ^Jij 


J—Lr 4 .}-^ 4-d^J <l)j-^l J—"V ^ a ‘^ A V-^J 

*j^p (J ^Ly^j <1)^da-l^J L&Ja3 4 l) j^JJ <oJljCL<>J! ^L*j^U j j 

^ 5 -* a1jI_«ji oijij_iA i yi j ydi <1)1 ^1 t^Uji 

jL*JI AiU-ij d)Ujj!j d)Vl <Uj y*.«Ji) ^UjI <L*jjVl y Vju ji$1 y5o ^i <1)1 iL*j! 
*■ jj—o 10 30 j yp ^Iaj^Ij ttolSUU 4 j*>WI 

<_}—<*=d Jd^ 3 jIt^ 1 *L£Vl j LflJij LjI LL>J j J^d 1*1 aj 

^ £- ^ —*.0 y?- olj^JI y uy5v« d)jJ J y ^S1 ^1 La j*£j 


i_5^*—i^_A<»Jl lLjJ^xJl! AdSLaJl jljj^/l 4 j jiaj J- ■_•■ a" L)1 

^5 jL^ill ^:U a:\ Jp (Big Bang) 




———■"- v-JUaJI 

4^o jL jrJ^o 0 jS Lo^Ai*-! o lJ^S r3| jlLuljl JZJ& 

iL^u'bfl L^JLp Jj ‘Ls^oJu 

.(3-13) jkxi\ c 4L^J Lk5” 4jj^^o jSS^! 




^-3Uoll ebjji ■ 



i*ZJ 1 J c^L>_«^w>tJl :(3-2 )JjJl>- 

Mil <»VI ujUj i n>itl 
(jvujXII 3 jU> J-ua! ^j-a) 


aJjULuI Cil..u..nA w 


cjUjiulii 

13 Mediators 

36 Quarks 

12 Leptons 

6'—*5) OJ—*4 A 4—Mil 

(( 3 —^^3 
-LJjLu tXilxkiL^ AjIJlij ,‘j j£j 

C»l—Sjjtll ft* JTjj JS (jy 

^—Aj <UAaa ..**11 A ljul\ 

6iJ—J P JJ 

(#' — * 71—2 "4 

£}~S (jjjL-Jl i^i LUc) 0 
BJAl) dUj JJ Ja-f-uj'l 

Cil—JJJJjjll tji—i A—Jjjlll 

Aim iiiiijijS 

e> V e > Pf v ji j t, v t 

t$ jM iu«j jfc y 

u, d, s, c, b, t 

e\v e ,,p\v fj .,T + ,v t+ 

d\ -3jj*l| 

& -IsJ j Z ± ,W + 

CiUaj ...nj yA l^i* SJjUU! 

.iLjuiOl S^ill 

<Wt IAJIAusIj 

IfcU Jirfi! ^>j 

J—A (H) J—cjjj>_i]l 

0—4 jjul—HI JCljjl 

Ltf—-Sj—iii j—^jj 

u, d, s', c, b 

lA^jAualj Aofctil CjU_^Ia11| 












Aj— w^LUjuijj^l^ 
4 ,u\ \ 

®j—M %u.j (g) c±&&\j5. 1\ 

(j—iaa^U ijjjjlaJl 

-d5n 


Vi 


iijisjjili aife (>» Js 

(Iftjj > l^JjAuaj 

Y"\ si* ^b gJUiLj uijii 
U_£j 5 J.-J4 4 (Jtlll Ul4j Jiu 
:^IS I 4 SU* 


MeV/c 2 i+m 


gr^-yJl 4jlj_SJl d,d 

aijdJaj 


v flS v + <17MeF/c' 

e* e » 


^^k)l U,U 


V^Vf <0.21MeV/c‘ 


VJjiil ‘SjljSfl S,S 


v T) v + = 35Afef' r / c' 


tflJjSfl C,C" 


e* =0.5UMeV/c 4 


djljS b,b' 


ifljijS t,t~ 


//* =105.658. MeV/c 2 
z ± ~ 1784MeF /c 2 


3—i t^—* £)l,|N! 

-4^ C)\ 6 1+i 
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— . . — - -■_ . J^SUaJI ij j* 

J-ua-oJI 


The Space - G^ULaUU j^LSLajJi 3 
Time View of Interactions 


Feynman Diagrams ^Lbi^> 4-1 


P-Uij i^Juj>4 oU-ww>Jl jlL-ff- jJ 4—algJi o jS 4JLJ&- <1)1 

i d.l y?" ^-oubw<J| SjlSCaj islaj JCLP 

,(4-1 ) (J L*5j .‘UJUJl Sfijla*r}\ Cjliaiai^ j»( oL^*vv>Ji 




0id4 <J2^ (s') ®ji Q* Cxfij^ 'i'Ujji (I) Ci Ltxma JI ly4 ^ 4 ft Viva liilJaft iuiWI ia.jkail (4-1) JluJl 
•ajrfW J j '-h (—a) *Us ( 4 ) <-JU4 Ij^ jsUji ^ 






nj— 

ojjJi ijj— a_jIj-Ji i3j Cj^ 6 ^ j ^— ,, - ,j ^ 4 —Jl*-p dji'iM cJi^o-ii 

L_J y ci)-JS J__*j ^J_ijaj ^_j .Lu—3lw** L«*»lj Uaj*- Jaio l^ili cA^lp p-Ijj CAXSXwi 

iij_>ei jj SJJ j>pJI L_iL^wjoj ojJJI Uij c^~<wJl y^ 

^yJLxJI A lag" l)L_S” A-S" j>- C-JlS" UJlSj .jL«Jl jJ,| tiajl 

.^^ujjjil Ja^Jl ^1 l-J jSl 

<J>\ c>I 'll ^hV' N Ajs-j— Ja\L t ^JJl ^yJUJl ia>JU 

liwcp- ;<3 j-> j-iSl -la >■ 4_li<Kj A-saJI*]! Isjia^Jl o!)L*J 

. «■ yjl. J| AP^*-J IjjLvwO aJu-a il)jSo 


OjAJl JiU-i (ty) (J^il iaiaa^Jl la! 
n~ ->V~ + M~ 

op-lji l ye\ysjj .OjAJl zjr?j tAiSljJl 4. 1a2;I I <C^ 

L^l ^s~JUJ| L«-$Ja>- J-v« l j- r -oj -li-U^j i^Jl^ ji>- £* 

(,4_Jix£ 3I o! l *-|J .U^*j U-^vOAJ ^jP ^JpLXj OUikj 

. f-j-yiil 4PjialJ 4jjljj ^yoJbJI 4Ja?»- jli 

i^JLJl IUj j-wJ (^-) iaia>t^Jlj 

n-*P + e~ +vj 

^_j^-j j_^-|j frLii j^i s^JI o-X& cj ^v-^l^l i^j-i>*3l W 




^ JJl Ja ... la I ^__*jj o L s-w^ 1 4 —i^Aj 

y.j 

e~ + e* -> 2y 


^jh_) ^l^LXoJl 5i_| p-g-w J i—Jl**< OjjIj cJ*iLj A^LkP (_a) Jala^J! Ij*>-f j 
<JjJ!jjj i(.i a la ^Ji Ja^I (j—^ !-l—>) 4-j'jJi (Jj -dj-ijj'j 0 j jJj~J 

a»jL>a! 1 cLi>oV^l—LJ jjIj U *j tL )jj 

o t j_vo sjl>-Ij *Uu<i-wJI sJ_& Jjuj j .^j^siib^o 


(_J—P 4- JLd^ ^j—^sJ Lu oUak^Jl o iAa 4Xn< 3 ^jP tjl^wjj d)l J—ft^ 

<J—*^ ,t **^ u - ^ <J-i *<1^*-*^ ^r 4 4 i-S 

o jLp <£U)I J a aJ L OjS*j 0^ La>- 

4—j Sj-^3 J 1-L^>- j*X^p —a lS->1 Jl>4 £jA i> jJbca t3L^ji 

.6-1—>*lj b^j-Oji d_~)l5Caj <daJU Jjp £flj i^»ijL>-i LjilSj ljJU tiJu>* £ j. ■ /aft 

^ ~ OjjJ^'Vl P-Ljj -4—-A—a-^- jl tjLlftJl -*> ti—5jjJt^Jl {jA 

jj— 0 0^-jjJjA)l t(^) UL»j O J-PtJ 


<L_ r L>-b 4—*o U i—o! ■*’- -g a (jo! 




VA - 


aas J-JUall ' 4 - ? ai t ft ■* ■- - — ■ — — -— — - — 

L_4 Oj-^J iji O^Sia'y t^ia^w <Jlj| J->-l LfilS "j La_ ybtU <j Ij 

3$J»JU jA Mvj t ^ c ^r J jJl (3 J-* *05 W 5 ^ J ^Lxfl JU^tf 0^\ *./i.kj3j 

lAjL-^ail^l LjJ _SC^»\ L_<»-a I OLajjtj OlSOJl J^Ll* (J J>-Nl ^y> 

jk^>\j 10 16 oULw-o i l j *.stf 1 Jjjxll »w*i . ^J^alj iI^A <31 .<3^/i i J>- 

3 4_JjSll ti-ti<Jljj Lo tOLvJ^M L^*uli Ji 10 24 S 6 C oL^J'ill 
4_51L» ^^_>J ( j- ; sjL^3 pLjjj 3-4>- {j -' 4 <L*p-li <^»|JL>-i LfitSj ijXJ oLw^opJI 

.LijLk-^jjxJLj La^ pJj 3 ^ 

TCP jUjia j 4-2 


ol-bwUtf j (time reversal) J JL*cjIjL^JI SftUJl 01 

^jl ^. . ..■^-11 ^1 _<p ^ L^»Lu 1 LjL^aj 3L> 1 —< > j t_ j" - cljLa_j 

^J_P 4_j3Aiii Lgij_7 >- JJlJ (. TCP bj Jaj <J LgJ 1 -i3j 

:LJu»-p : C (, time reversal ^jJl 2-^U-e T • 
iJ^La 4 _^Ujl 1 ( _^_jLaJ! p—Ni y *j t(charge conjugation) b>Jj\ 

c(space inversion) <3L£J1 : P oU-^»JI 

<L4a*j 1_JL>-I °4a ^pjJj) ol^LoJJ si^<Jl <J Sjjv 9 4>-l L ^jAj j^L^j 

( Ijl-, TCP 5—j^-LaJi oli Jj .(parity) 3 LCJI 

<3jSUiS'^Vl b-^r J c^r? Jii j >t y>L^ £jj ^ invariance principle) 






(j-vviaJ t j_P ^Uj Lo <1)1 u-kj .4j*-wiajl (3 OtApUlil ^viiJ 

. j—xSv*^ (^j_j>-I ‘uIajp 4jI jJip P ( 0 i T oLL^jlII 


*U jr g 4 t4i>J (Jj^ IjbljJ (J^ Lt&J 

Si j-ja j-A ^Is^U (.jloJoli oLlflia>t^ (_^l ^P oLUjJ! p| j>-^ 

JaJa^a ^Jp <_£jI>cj i>rjL/j cb| . J : »i*xJI {y> JaSl>* 

olJjJ - yal ^JjU-^Jl f+A\ ^jJj *ui ij_j^o tOLoJjli oliaiajt^ (pfOpGr) 

(jl 4isL-»*L*j <.C tO^ilj oI 

,l^i|iJjiJ— ^oj cJwL- jJ ^-SvkJI 1>-L^3 t CUawSsP uij> p.^ >j>*!i /1 

O'il cJj-jXj ^ ^ j-A <1 )j-j jiJl Ja_>- J-P J]_ (5 Jill ^ 4 «.JI (1)1) 

4*L**JU (. JilxuJl jjjlJl L^S «U-/3 4<u«ii JUJup* jjfc (jJjjiJl 

<1)jjUI J*)taJl ^LUp- J y>*j t Jli<JI ( Jp 4 C 

V~+/U~ <r~7l~ 


• 4^_^<JI OjjLJi J!>^>xjI aJUp (JJ. 

v m +M* 

.( (JjjUl jJfa l_»>^$J| iJj-lLJI (j'bf I 

1-^*i jit i<jl5C<Jl cr -S’lxJi <j;i iP pI_/>-N j 

olu__vO) j) jLJl (J-L> IJ^fl .olj^J! (J iikstoJl ojJ,[ 




C^SUaJI ~4r L * al ^ * 



j*—***Pcil 0>A^J 


^j—«j'.‘—<j—li<Jl . ialxT -x^Jl (J,j_^iajlj ii—Jip .Jp L»lj <—<—Ail iljA>-l j 

Jl_ 9 1 4—3 i Nj. t(r 4 _*l»^ji) aU>«ji «jjjs 01 ^-^>1 jJi 

*CP 4_aL^*J1 ) <Jw\j IaS” cC C a^..' ll 

P t C i T : 4_j^i]| otAjj>cxl1 <lL^>- t—»jliL-Oi Jala^Jl Oli tlJJj 

j-s*-\ jalap *a 4lya>cXx»Ji 4 jjJliLOI 01 <LSljjOijt 4 Jl<*jiJ1 ^P 

4j j]a^\ C^wlS" tal) LjLj^ Lj- L>-j^—>jj <Ua*Ij 4—l^P j Cj\\a]a>ui ^y> 

A 0j_!V i«ij_^j 4 _^*jUI 4—4_p"j ^Jpj} .( ll >«^ TCP 
0*^ <.TCP (jij LaUj il)jSo Ji^ olJ j *uLhjJI 

JJUj i—JjJijuJl .la lfl>T^Jl Ol-I tAJLJb- 4_I*P ^JiUj iaia^J! 

* 4*1aP k^JJkiS 


•■ < ^- c - j-31 4Jlj| ( ^jh&£' 4»I^P jt 1 aJj&L— 

^Jajf j is—^fiP ^J_P 1—«*tj v—>Ll£JI jit — jl — « J l ^^Ujj 

Ja_ia>i^Jl O' • 4 _~>j p-g—*Sll (J v-^jJjt*Jl , ja .j a p*-iOl 

.Uoji-*j ^jJI fj.v-Sic- 4_Jl^p £-J?ji oU1j_p-N' ^j-p x^ks ^Ul 

^9 olj-Jl J 4 -Ip J-saxj c^AJl Jox+}\ 01 • <S ^^*kj 

, IjL^-Aj .CP 4*L>j01 ^\lj j-A 




j£j cy 1 ^ <>tcp Ajjiiii! ji Ja^-'y 

uL> jJ^J! oLLjJI o! Jp ^ .(prohibition law) ^ o^li 

^_jj151L^sjI ( TCP ) 0^53 oUl*jJ| tiiJj iajii ^a 

^JaIa>i^>Jl—> 4-JuU^Jl 4-Jb»^JI O-jliT lil_j .4JsJL>- 

ipo j£j «Ul^V| <JuwJI jli cIf- wo ^p TCP 

oL-Lo^JL 4 1^.>^Jl (JjUxiw(j ^I Aj^Aill *■ jj 

.P i CiT 

Time - reversal invariance ->*pt v 4-3 

Ul j .*i-*aJI <_£J^>Jl 4*baj| l ^JI ^ ^jJI ^ Ol 

J ^-bl jl\ ^j-ii ^j-bJI oUrJ'yi j arrow of time 

ol_?tjl 'Wii loJ-a. * .tJI 4,JL>- .4^4 y\\ bl^ O.Jjb 

oU>Jl) ^Lviidl oL^J^I <J-p Ij-^S" oJL^s-l Jujj ( ^jjjXjVI Jjljj ol?xj| j-*j) 

<bL eU^ejNl i Ju*. bl i _^ h - /a»l*-7 

j+e- <uL iU^JI ol^jN I a jpJj j 

CjLb-*-ll 0^ L ' wJlP ^4 ■ .. Ul l J ^L-Vl ^jJ! JiLi j~o 

■ OLw^>tJ| ^y (JtA® ^*lp ^Jp ^i-oJbwbl I 

® Cl (__5— 31 (j-*^P ^ ^j-g 4 o I 4-jLJi3*Jl 4^ 6 '^/! (jl 










tl$JU-Jp JJ*; 


Jl_JL) 1 . ^jj^JCwfl^Ul ^3i& A -LTjj <£ ‘Juk£>J! 

^LaJccL^j ojj—y 2 j <xpLv > ojIp! li-* (constraint) 


L^.~JjZj (jl ‘■iAJu Jo .&& i^Jj-L»«Jl 4j^$_*J| of I^A 

^p^nJl OxJbJl CJl£ lit ! U* j£St 

,aJu>cXaav* (j j£j 01 U^>tJ 1 g ■-■<*> 4»Jl*P jH l)U jS> U <lJuo^J 


IjJuj uiU-s- ^.Lp {J l^LivJaj ^ -L»*jj 

^ j 4 I I ./? 1 1 l x t3>\ L-^jjj bJu>j^$i\]lj ‘L_>jiJl o^ApI— iJl ^—£>tj Ifl 

{jJ* 4_>cjU1 <Jl<>j«J! <jl bjjJjjJI ~ Oj ixTJJ ^^LoP- lala> t^>Jl 

Oj'J»jjjJ\ - Oj j&y\ i/rJJ 6^- t/* o~^' 

£jp i>*jU! aJiojJI (jU tJ^jJl ^ 1J** LpJJ 

( j_ m jS J^_^Ux 3I J—^lSo d^J-5*o xi L^i Jj 4<j^j-L>JI < u£j»-« o—J 

jj^lj J_5^ j_ip J_pU 0I e-L-^ jl 1—4Jj .L_^L*VI JpUOI L^l-L>-1 ^ e-jjJJw 
^.. 'v c. 4 _) jsJcj* j! <j^jL_i l g‘ ■■> aj^»ap 4-w J *V <•(vertex) 

jj pLib JU^-Ij (pair creation) ^rjj JU^-1 <j^ ^jJl 

.(pair annihilation) 


j}\ djlp j g 1^* (^jJI LJbj 4^1-L>-jn (_J t3Lo^>'j/i o) 



Ar 




l ft. .H.^p J 4^^* i Aia^VVO.) LjO 

OjjLjj Ojy j_Jj 4<1)J-JJjJ ^JJ^j jOl ui_4S .4_jX>^ <U>-lj {j* 


P+P->n-f-P+^r H 


5 Lj jJij Ail ^az]\ UaXXS L**#j 4— vj 4_*LojJ| UaI 

AyS il)l—J —UaLoJl <1)1 .UL>-P AjLjl>cj ilSo j-AJ cCjLk^a^p- 

0^1—*31 ^ Ajyai l (J jjJj 4jIS Jj>«j j.* Li«j Jjli 

^1—«*il! «U*jN 1 <_£ i4 -*U^Jl ^J_p UIa 1 jjl iJLi ;<1)jJLS' j-JI — 

L~-j 4—jSUJl cJlrf *1t(forward-in-time process) ^ jJJ 

ji ^1 J~iP ^ S ojwbJl iUx^s (time-reversed process) 

(_£J-S^^*Jl Lfcjjj-J ‘LL^s li l—0 La 1 1 j_A wl*jj .^S\J 

ZSy*- l^J £^ol>tj dLJlSwJl ( j-J 1 j-iis . (J .JjljloJl 

*Sy>%} jL^oJl oU lLUJJ_$ . j j^>jJl JU V 

ijl ^j—'* Loj^- Lg-s ^ j^> f-L»—Jl 4—*S”lj^]| 

.(JlAlsNl ^ ijlj ^ y>~ aUol 4_Jij i_-51 j53l oJjfc i-iUjJ a^Uj^ 

(j^-j l—■a ol^pLixll <J ya j_l! jj^-SCp V jLx>-1 jJjL*.* y^ cj^j 

■ j*y y>\ 1~~<>j a~*> 4—^iji cJl5 jJ up>- olwJl 




v-ilWI «ib^a &.C--4XL* 



Space-Inversion invariance: Parity 4-4 


ijp-j N I J-~o jl t AjL^Ui <L),>l*x)l 1 -La <jl 

^j_sl Sl^oJl 4j jJ (WOrld) jiLsJl ( *j*j JjL*j 

A—j'il si«JI ojj .y31)1 :<Jj) <3 j ^ 1-LqJ ^Jl 

aJl 4—a j^X>t_j {,4__lSlo^ 4_jbj-S <— o^/3j aJiLj*s aJ-<*P 

. LfXiS 


A>v j .,.,^gJ a I 4 JI aj^-'/?Q .4—olp 1 —|Al ^J__iP 21 j^o aj^y^ ^|S" I_^-L) 

^J_^jIa9 .A-LSIaa ^_P ,j-vJ df^J fcAii?U>- J-U> tAPjJaA 

L$JJ j -Up il) j£j tAPLi? A^x-fl-vS 1 tLvli^-<wa,> Ji ApLiaJl 

.AjJ^IaJI 4-a^ S^aS] o ' Jj^aJ Ayl-wA L^a 


US’ uU- (space inverted) ^iU)', ^ajd\ 

Ijji-J ^UJJ sl^JI Sjj-ms* o! lLU 3> .(time inverted) L^j ^ _^J\ * 

L_a j\ 44_jlSCoJl A_J^Udii i 3—£j>- (j^ jL- 5 J^j.)ytal! diljj U-x3JJj lAjA^-i? 

J-_3 olo-j——>Jl <1)1 Ij-L-O ^^-xILpJI tA-S" (Jj -ly 3 j—^ 

U *■j| -p 0^jlS ^jA^i! ^ ^'■■Ua <1)1 U.-J .XA3 . LjP JjU 

ia_ia>“ (1)jjli Ipd US ijL^aJl AjN <1)1 ( y^~ j tO^Vl 

4~LaJ si_^JI 0 jj. yS> <1)1 ( _ 5 Uo il*J .Us*^il O^pUlll 1-b! a3 




a === == A 0 - 




J— ij ,4 jjJl>- ^ 1 tl*jJ J^U,i5 4*w^*-v^^ 


ijjjLaS" ‘UJL^Jl <L_J^\jcdl la e>- IjjUtiS ^Ajd>- i ye> f-UL*Ji 

(Tsung Dao Lee) Jjta ^ ^AS" ^-JySI yU Ua^j .jJlLw 

U^-viJl o!>Uljdl b\ ^ i \ < \ o "i J (Chen Ning Yang) j 

(jl_j LjJ 0 j£j>J (Jjji .*Lkd*JJ AjISaj iiJJi ijU lljl^a *^Uj ilLL; N 

. (Jla jJl CU--» Ajljaj J_*j ^y2J>vJij ^ Aj^oj 4j! 

Charge-Conjugation invariance £&*£Jl 4-5 


l j* r J 4-L-yaJl la! cl$xljj.l* 2 J 4j^La <L>«JLll lJuj+Oj ui jAJ 

i ^ Lyjj LJaJ OLSUl o* '^ij^ 

a_3 j .^ajJl ci t - J L-L>JI (J) oLw> L^l oU-w^>Jl d-)|JjU_s^ 

*—'i/ IJ-ujJ JSI Aa»-Us>| iJlSCJl iJilcdl Jada*- L L-$j 4>-lls>^|| 
4—0^£-l_4Xll (j! j^3 14 .A^fcJLjl 

(C) o»t__*iJl 4 _j^aX« Nj (P) <Lj^*£a 'il j^S (3 j ?*j 4<L»,/all 

N >-L*J Nj . lo jJL (PC) L^la fciAJi 

ot^Lidi li^UsI Lqjjj — I l_>jjjj ( T) ^ajll ajjJcl* 

j-LJiil (Jij j-aJl O^lpUxH J,) ^jJlj . 3jL*^/aJi 

L-^a ^J—S" *“i - x —*£ t P, C t T oLjj^iju'dil jli tO'i/l 4i 




v^iUaJI 



ji ^yt, ol^ijl 


*y jl^JI ( _ j ^Lrj l3j^-> (^~j J||) ji^iy c3j^J 

j-4-Jl Ojk’LJI (Jjb>*j| jJjoJ . Iy2ji Ala^JwJl ^-ajj*0Li 
n* -* Vfa, + Ml 

f*j-£ Ol (j* 9 ***^ 

d-^Lov- ».w>cJ I j—® 4—^Lo- x Jl aJ-ft (_§ 0 <J1 ^*J^*-> j~*i} 

^_UJ ISj>- JJ (Jj-vJl L5>JI J P ^^>1—J Li t i'. O 4 V^-1 «Aj wLv2J 

;iJ*yi SJoLL»-*Jl JusA>u idUJUj .(<*iUi (1,1 Rj>^}\ y>j Jl) 


tii Jl>o M c : C 7 r --> + ni 


^Jb*^ 6: P^^v^+Mr 


djJ^j 4: PC#' -> +/i iJ 

1Jl_& O^ (dJ-l* j_Jj 01L-gJ ^) AL?d_-^a 4_J^p (Jj C <jl 

l^iS" 4^-L"-* SjiX^a (J1 jdjjj^dJl dy>xj 

,C 4-j^J d-ojhJl (3j>*J 1 ^jplaJ ^jLJI iJ-ft l)1® 4^11*aJ j .((^>^i) 

dj->H 4JU*\ll iXwJi Jp P J-iaj <I)t® »iU*iSj 

^1 4_1/>p (J,| (^j->- 1 0j-« jri/jJ J»l j-'-' 1 -^' jrOOr^ 

(jl .j^jI jJ Jl j~*>y 1 j=*i \** CjP jJu t jQj 




i^3LUI| i- JJL* 


=H_av 

j ^]| tji 6 wIaLU U ja 2JLLJ1 oVtA>cj'y! j^S/i J-^Vi 

^^j_j a^JiSLw* 4_jSbj*3 <u-vL<hP p PC Ota iJJj .<~JU1 

J>A_Pj J^LJI Jll<Jl J^l>- . LsbjJ Udj l ^A ^^>-1 4*1 ^»p 

yi!l oMpUxII (_^-^-j otApLidl jl (J_a>sxJI j _£0l j_Jw 
. j—*5" ( J50Jio Gj P jj-wui^jJl ojJj^Ji 4 j^Jco!>U1 (3 

c4_i*5>cj J| 1—aj.i ci_H (J oJklp jJ^Xi (jjJJl JaxJl f- j—J j 

‘Uijkdi 4jj-j*X<s^Jl (j*o of OjJ^SsU i^jLxviii Jl43 

.ta^JVcLjS 

(jJj—>-i 0^^ cii ta^ti <>TPC CjN jjtljl 2jj-y0 jLa^X^'yJ 

• OjjLJI aO^p ^P (J ^50J1 

4: TCPk~ ->Mi+v# 

4: Tit*-tv^+p- 

.<ulvsMl A^l^Jl J i^>i_l>-S/l U^JjJ ^ j~*J lAiytoJ (J^^ 1 Ol 
i lAj l^j tV1 (3[ 1 J~*l& <,TPC La* jJ^Ip L>1 

W'^j^ 5 ,j^C oJA) y^a bi 01 .JaJI (3j ^J-JLilj 

cj J- 4 ' ^rji V aj! V} 




i/jllaJI cbjji 2 -yutAA* 



AA 





Submicroscopic Chaos j ^ 4-6 

La L ±jAi ^ J -v g Ll IAa l ^ay> (3r-« <1 )L)jU oliaL>e^ <1)1 

Lijj^lSj cjL^> p J^x_LJ “I^Xa aIS .^il^)l (J o-L&Lu 

c( 0 ) (4-1) J5 Ll1I J oJ^Uj L Jlj N (.(virtual particles) 

<1)1 .Lo^J^> o j-J Jo-*J CjU jLSjjJl (1^ (Sj^i UjjIj 

<1)1 a—Lp <1)1_3 1-L1j iSj~i Ljj^tLL ^j-Sj (_^4Jl (L->-L! 

Lj Jcu ij£j Lwj {j— 4 j <J1>L>- J_j 1 jl?»-1j UjjIj <1)1j L^S 1 jk* ^ 

. tujjJui) <j^Lw%w>- Ldjl j gkjj .^>-Vl ^ jLSj^jJI -a>-I ^a 1 1Q sec 

L»_i ypj— yg.LJl a_^-j ^J_p 1 j-L»j LLa Ijj^ ^JLj 4j^j-Li!1 <1)| 

^_LJI <jj_Jj^Jl J-JlL j-^jj .(self-interaction) jIUI JplixJL 
4_ia>-*!)LJl a_J*p <wi_L5o ^LJl jwLjJlj tj>eJl L. yaa . H (j ^L» ^Jb £ JJI 
J_P 5 jy*a}\ <1)1 ((T) (4-2) JSLJI) ^J, j .LL ;o^3l 

(transitory violation) cuJ>Jl <iyJU .LaUj L-aLLa c.^j-^Jl <1 )j* 

L l_.g« “ ^J^-Juj JjJj^xJI ^>XP 1Ji*a <U AilkJl Jak»- OjlLJ 

<1)1 t^Ai-a <1 )jjj^ la™3 JiA vJLil liL J1 

cs^j ii* ^ ^ O'j J-^d 

^ jj ,4_jjjJikll oL-w^>Jl ( j —a jLb AiUail Jak>- <l)j->li t 




| as——a—- ...- .— — 

4_j# ia.lt-.'>-! jz&J ljuL*_a ^jA OSl^-a liLO ( ^-) 

[ y^ ( 3 -^° *•—lb 4 il U3 (messy) ^JjbJL 

JtP (J ^ 1 b-JL* r f*HJ f'biJl j 3 i>ijl ^WaSjj Cyjji J5” j 

l y~a oJ-Ji*A (jjj£-\ 5-L^L.- (j\ J 0 ^>- J_>=jj 4 j^-Vl i-3’ JaJI 

.iij-JjjLgJ J_jwb»tlJl ^»-L_p j ^^>-MI Jai^Jl i jJlIji 3^1 j-S 

4_JjL*J| J a _ i i- > - 4>*Jjl J 2 £?~ 0jjli 3 j**-\ £*- ** *j 03 4 LJl>-1-3 j*j [*£j 

(J (j^lj J-^ -^P 3 ^* 0 ’ o3a> 03 tiUjJj .y^A ^ja 4_la>«JJ jij 

Xg) <J3Llj| 3 (Osr^' iaia>T^Jl 



Jjj*-* J 3-» ^'>*11 jjLajjli i-ii V.U4 . : (4-2) 


Ja-^j t(incoming) J^b O^jL Ja_^ J_p JS^Jl j ^1 j J s 

(^) JS^JI t J ~(jj -OjjL c (outgoing) £^L>- 0_*jjb 

toLjj3 j 3 tolj yjji Cj|-bJw3_j coU yjJi 3“^ 




J^iUeOI oLjail 2-C^oi* 



. 44a>- y& 


i_jI jla-^! 2JL>- Oj^j o L ^>- coLuu>JI 01 Ujj 

Jau—-Jl (JL>d! p1_vAaII £*U»j J&J diiJS fj^ Ja~J ^J>j £j£> Jp-L-Ij JJii to-X^S" 

c^Uo t-il y*j (field theory) JUj^Jl iL^laJ lbjjij .(plain empty space) 

J_j>-jj SU j-A ij_ tUaUJ LJL>- 4 j j$ Oj£-l La Ja^*jl jA (jU«Ji P-UaaJI 0^ 

--i IJ_?- nj. ./aft CjlU»tJJ aSUiJI la>?•>• 0 jjLS j^~ 01 tdi-U .oL>«JLj 

jiUl oUalaksj .Lg -—^—j 4^J—*Ji ( j—a oU* 


Owb^j) Ji L (4-3) J5 UlSI j US' (vacuum diagram) 

(physical ^Ljj-AJl jjj-Uil jU^' jl_£j . JL>Jl #>L*aill j (J_*i]L 

.U>r3Ji J ^*ol2Ji jlJ .a."■■ »»L F-jJ-a-ll p| ja!| V8CUUm) 

t J5U»a _p0 .^ua^oOl (bare vacuum) ^jUJI pl^l ^ <J Ij^aJ 
f-J ((1- (4-2) JSLjJ! J UUJ J-UJl Jp jll* UU 

(physical Jk}t ^I ^ Ije 5 (bare particle) ^jUII 

jljj-jj ^Ul (dressed particle) L5 —SUJl jl particle) 

.((^-V - (4-2) JSUJt J -ULijJl ^ oNU j UU4 

Photon Exchange and Local Action &*u>jU J^ij 4-7 


. USU^OLSsll s_^UJL j J—^LaS J,]. oJ_j-l>J1 s j-iaJl 0 Ja OjLUi 




s\ 




1—Umj U-g—vi*- 1 J j_a (jlj j£a> U-Up JVI j*~*± <i*Uj J-dJ! o^iaJi 

<U-Up J[ l jjjjl SJj- 1>J! 0Ul ,(jlSjJ>w5 tU-gUo ^JiLla _yUi HjAj 

Oj^sAj oJ! C(3j>J_^aS 1 (JiLxit Si<A>=-a 

^j—4 jLjjX^j (jl— ij (4-3) Ull (_§ -U->-3hj .^ « - Ja2"<> . H ^L^tjjJI 
.AXPj^-i jjJuj UjJ^i jL-J! JJ I 4 I aIsaJI -Upj . U^*J U-g-yiixj 

<1)U LiUJuj . 4IP j**iJ j*-* _^l J! (31 ^ -J < * ( —’ A la a l) 1 -UPj 

. Oj_JJ ji U^5"jP- (3^ ttyj-HJ U-g.ya.1J (J OjjL I J>\ j] 3lpUj -l5 c j-JJ 
^J—pUiII 0 U 3 .,■»! ^5v—>.w j j .1—a gUi pLiJl Ja—- jj£j <_£*^—ii j -g-® (J_jj^a!I Ul 

CtfJj&y <y <P <J* ^ (> 

ifljjfiaj 31) (JjMl OjJd ^ (j^l <l)j<l)i tiJJi t<l )y 

s j_U faction at distance) u*j ^tdi: 1*jJi£JI s jSUJl ot . O^-yjUo j*p 

Sj_^aj L_giP c ^Ux_-*»jj .U«Uj Sj 5j_^s i _ 5 _fc t^-l J>1 <j-* ui*J 

UJ> y> dj ^u£![ J5 JpUi 4(local interaction) Jplidl 

.<l)jJ^3 £4 4*4 jJ> -UP 

(j— ■ 0 J-jJ-*JI jj—<« U_?«-ij 31) Ua Ujb 4 —^ L^^Jl Jaia>t<Jl 3^ ^iaJb j 

3c—! ^^ —J (J—P (_£j_U>J >-Sfi ol—Uki^JU . ol kia>c^Jl 

‘US’jA- j—< u5U-Ul o'y^UJl 4U,aj>»^Jl J .(jJj 







sr 





• 1^3 ^^1 jkbJl (J «u5w>j^5C]| i )j jX5nJNI 

(4- stJl (lit—3 CjIj jJ CjUj j^3Nl A-J\j*cJl ^j]slJ| 

IJ— a Laj .(£ d)jp ^j-*»L~JLJI l^ - ^ (3 ( *- J “^“*i Ld oj^v? 3) 

{ ^ r ^'i ijt^dj JJ vJ Feynman diagram J^.U>t.o t ^y^Jb -kia^J! 

(J <U*^»Ljjl oli^i UUj ojj-^aJl a jju d)l ^ £ *\ ^Ip cJJl 

6 j_^ C)Lj tdUJLJj .oLJy^ljoLjjy£j'>U (field theory) JL^Ji 

i‘ULt^kj _*-»aJL j j—A U jj-A) olkia^Jl 

.<J.>LJ_$ .jjA>-j *lis ^y* i *^v»- < iJl 4jib^wJl 1 


-4 


-*► 

a * 1 



Jjc. gSUll L^iljxilj o#ijj3i)) <jtf Jjl£*» JoUill AjjJUJI Jajl»±Jl iakl4 :(4~3) 




u 4L>|J1 J 


JaJUaJl JL. - ‘ *■<* 



a, f L_ 


” ' P= 


Cosmic Rays 

^y> i (_^j «3jJ Aj-q L^Uj-LpI d->A^ jI 

10 12 GeV A_>Ip Jl J— v« j |J_j>- ^ 2 j^_p yl_Js> t-i.lgi ^lyajlll ^L>tj| v_g.b>^» 

/o 1 0 Ay^W ^9 A - A - J j ’j^J| ^wIjLwuI 

ji ^ a^Ls^I ^jj_\_J| ^jj Ijl^- aJuI^ c—Jj j 

(_5j-?"*^I OL$-w^>«Jl ^y3- wj lLUj_5j} 4*_-Jil (JIjLj y L^oi5^ <L »_y* I 

912^a_J>£ 1 i*^! C^S - ! . oUjyj^JljoUj^NlS 
14 -Ip aJLU4 xJi " a_j jS3! "^1 U?; Hess ^jlwoJI ^lyijl 

■ u^r j^Wa-* jl y --^tj Ls-L*j tdUij 1925 ai^ jlSLi-^ 

£ *J '' a 1 (_£jf y> aJjS 3| i I !yJij LaJuP 

JI>mJI j-jIj C->e j y^P“ ^4^9 k kJU^l 10 J,1 y- IajJiS 

A^JiS'S £_Uj ^j-wvJ^b^Jl JL?mJ| |»j_Oj . L ^J^li 

l_j-L> o^° Cl 0 GeV y JS^O Ailkil ajL*-^ oL~^JI i^j^-j A-j 

aJ^-P klJ1 Ul tP-L,AjlJl y« (^£j?-\ Li— ^-W-.* 1 

t4iy>0 eUj| j £3y >-43 y*LfP-jif l)U Ailkll 

. (geomagnetic cut-off) ur -J>li^JI sy ikji 6 ±* ^-. 



-ss 



JiL-icJ j^Ls-fl JI j jl-L_ia ^LjiJl} Ajjlio ,j/=0^1 


^/3.^-flJl <__§ ^AsLjiX!l U^_5 ^j ^Ja>xJ Aa^mJL 

(jjl M Ids' I j 


. Ljjjjj LajJUc* 


Aj jJ*x_vL(»J| Olwv^Ji aS'Um^j. 5 O-oJ 

jSLuiJl J_5 ^ (iJ/^l jli^l JJ) 1911 «C^U 4 

jji 2 ^IjjJl lLUj j j *^^25 A-—^ j 4 Stormer 

CjViU_<d <lL>oj (JUt* jjb 0^3 ^ 

^ j-?~\ J LjS” j>- A>-.J^isU-a «^L_La CU*Ji ) *£y*^\ 

A_Jl l ••/ 3 ^ C.--ul US' l^s3 ij jP%2j (ji Cj'u^_w^>sJJ V ij^a .>«^ 


5UU3I 


O’* 4> 


i\ iJ>- 




.l^i...i ^ aj^>hJl-<iJ! dJ U w-w j> cJ I A^vJjbij ol 
A^ill oA* 4 ( l _ y ~JstJcJ , l JUlJI aL£ j] ) ^Ja^- 

^Jl>- U5 A^S"^*dl (J}lpL»dl iwXs*- <-L& A«wJ 

^iaiH ft* UaJ 


J-p JUwJi j-j\j MIS' y>jjZ~> J*-* ^ 

jL>txJl oN a5jJ! Oj^ (j-^ Ax^Vl 





C*lUoII 4- 




i_ Ja.a.11 ^OjJ 01J Ua^-i 'Vl>v9 <j*J 


oj-ftl-J? j-olj Of Ifjjj V Ad^kJl <1)1 U oUt^^axJl { j^>ju 


.A-j^kII AaJVI |^Jv5 ^Jp ^Oaiil 


J%£jSLN CU&Vl 5-1 


(*tJji-J ^LtjJJl Ja_j-V j-Jl? j^UJl (1)j_i)l 4 -jL^ (j 

j_ii; s jS ]I oii cf-l_^JI J L$l^5 £sjJu; *up ajI (Coloumb) 

lJLS”j 46j_*UaiJ js*-^ ^ jjj* 

JJj* AAj'^Aj Ijtit L^J wUUJ ^1 JjVl 3 jJI ^ jUj 

jl—laj^JI ^LjjJJI ^l_p| tl«iA_flj j 4|»lp 4^a ^| jp~ 

^IpI f-I^Ji oLjN Jiij a^JjS - (Willson) Oj-Jjj 

aJ^/ 3 y (Geltel) j (Elster) yJLI ^ JS' ^jUJI JUj 

0 ^ ^ ^ J-^t ^3 Jl^l <j j* »•!_^Jl 

.Uw>lj 

4sr ^yi J*Lidl JLi^l (1900-1895) UJIdlboa^J 

aJI xJI 0~Jl Jj iL^JI a*jVI (Rontgen) <_LJLxd 1895 

Jp SjJiJI aJ U-UJ.J of (Becquerel) J^sJ Ab-^ 

(Rutherford) jAj ^-^4 01 0j^ i*lj-g-ii ^jjb 




L* 




LaJl £-U—JM L.o.frJ-P ^jJJ^Ij oIpI* Ju^l blLJu ^-o JjJ uP»tJ ( ^jx 

^l*—J-Nl ‘L_vs-i? (Villared) jiJl 1900 ^»L_p cliu £l*Ji|j 

^-jCjlil-t.^S'Ni eJj& ji*j .LolS" ^Jlp jjlUlj 
oi-L-fc U_;*j 4_J)|'jj-^l ‘b- L ;—A—iS>L p *-.dajl ^gP-L^—>ti^l 1 JsL^JlU J»& ! 

*1 ^ 1 ^-jU- 3 ^xj Ljil ^1 ^r v5> ^ i *— 1 

ijL_g^>xJl ^-jLs*- o jjL <ji (Rutherford) 

4Pj—V»I OLi (3 jX-vS 5 J>-ta V il 13.® ( X-y3 JJ 4jl Ja>-N U^W>- 

. ^3^ui« l /2il i_jl^>- ^lj U»-lS^ ^a> *Lj ^jjb 

i- a ] jj p ( _ s *~ia3l ^p-U^iNI J^LijJI ^-Sb ot^j cl^"^ o* 

jlJa>-t5l4 (200 m) JjLI ^jj <Jp1 {y* 2j^»wJI 2^1p[j 1910 (Wulf) 

,jil apj-j ^u^soi 

<i_jjl>ej f-1 (Hess) ^SLj^aJl ^li ^U a . * .*> 1) 

LpUjjI 1913 £-L uuIpUj jl ^Jp 

^1 lLUJlj ^UjjNI ipj-j ol “^rj^ L ^ fi j“^ 

S-LySLlJi <J £-JL ^-JjixU b_~_*~<d1 ^U—tNl jJwnO* (1)1. 


ltTJ 


UJi 


(J J P-l —oJl 


i^T) SJ_jJp <—->jl_>* j j ^>jL_a JL_«j>I Jw«j 




.iMtvll 't .* ^ O. —.— 

(jJ-bl iy-jLie-H <U_y5 »ji \ g K <Ojpy-j yJ!j 

<ocJt>Sll ^laui^/l Cy* ^y-H J^(Miilikan) 

l»*J>cjl ^ydl t_J'jL>el]| Oil ^ Sw ^ 3J 

.jljj>. ^ ^ jZL^}\ sjL?l Jl (Pfotzer) jyjJ oJ^jj (R£gner) y>oj 
SwU ylyj (Geiger-Muller)^ -JL\S jUp jy"y 
4—J^L" jl (J,). ^Lajj'yi £■» iliy ly! y 4 aIx^« olpliJjl ^Jp yyJl 

yaslujlj |JuJ y tya15 ^lijjl ^Jp ^yJip 

y-a ^p^Lj_3 (.jla^lS 15 ^liJjl ^Jp ^jj jJ-va-a ijlSj ySfl U 

y J14_jlyJl <j Oil Lyl oJ_^ lyjlil ^y>wJl 

‘LjlJjoN I o I l j*j y ydU ^5lxi]| aJL* c^tw Xas jUxJI j- 1 N 

4_jjjlii! oL>_w^>Jlj <_£j_>=JI o^>L_*J| gjL>- y-« (jf^l (^ylJjjVl ^a-xll) 

jS\Ji wLSt J ^yJI ei^UJl £4 JjVl ^ i>JbJI (^jjliil ^^Xjijl) 

.(^yjsJl (3 jLv^o'yi 4>*y ^ 

Liji- fj aJjSCJI 3*J^I l^5*yj yJi jl!>U sX^j pUJIj 1933 
j«-a «J L~y- (Anderson) o j^jX>\ <J 2 xS\ (cloud chamber) 

^Ijy bL^j oLlx^Nl IJ^ 3^4 t 'V^“y > (J^ 37 ^ J <jjy^jNl 51x5" 

1*^ SiU^Jl SiUJl iy-j (Dirac) 





^iUcJI »bj-i 


HA c= 

2_JjSGl <J! (j cJJUj ^d! ^JUpS! j 1935 2^ 

d)l ^Jl (Rossi) (j->»jj L y2-}S- jj^L-ySjJl ^ C->UJaJ 

L^x~JlpI ) <L g « * —^ (soft) A^a^ - t^■w5 ‘^^x>cj «uj 

L^.IpQ (Ji®*j-^ (hard) <--^11 ^(oUjji£i! 

. (oUjj jj> 


( jjUjJlJ j 0jj^a 2ijp ^\jJ^>\j j 41 937 <c^ 

(Auger) ^jt ^ IS 1938 Si*- Jj .lJUI jj-Jl Neddermeyer) 

2iL^wo L-o-^-Lj ./?.«) i—jVl <JLi>- cjL*^2 y> ^Jp ji— 4 -jSnjIS' (>* 

liJdi tc*i_^)l (j oL^> d)i-U^jj U^aI 4 300 U 


eJ_A ^j_ i*J 4 4-.,<?iJ p (J^—^ (j—^ (J- 4 j-^2" ^ da$L»Jj 


4_Jlp oLJli? Oli 4—Jldlil ol 


f 


J) l_-/2) 4_P^-Jo ioL<k^wJ>«Jl 


(air 2_j|^J1 oL^jJL <^..^>^1 (iUj c~^—** 4(5j^>Jl i-i , }UJ! 

. 10 16 eV dUiT l$iSU* _/jl jJi jl5 j showers) 


j-jLJ Jj->- A-ii^iaj (Storrner) jajjZ—**> tj 

j—« ^^1 -L>- J-S3 <0! <Jp 

j^l l5 w^L^<JI Jl>wJI <Jij2>-l ^ ,j^3wLi ^ 

i*_JiSl1 jl (Allen) ,y\j (Gottlieb) cwl 1948 41 ^ J 




^uiu< 4- * =■ — 

1949 4L ' y>- 1 (£jjj ^ 4-j^53l 
£^_w3 ±J\S (shock waves) olol ya31 ojaj ^£_*->j 

. 4^iSf I OUmm> 

• t _^ A ^Sjui^l 3b < j**i o^bpl OtvuljjJl ^ ( j/ > J 

\—ib oU -;—^>-j t(^»j JLgJl olji (j;j —j) L_aJ| —■*>- j—p 5jl *p 

£jL-* j_* 3-J3*3^1 Q.Uavxaj c(oljjjjJjJl ;CjUj^53^1) 

c j^wj_1j ,5JSbiu J-vaJ oL«> <_^a 3J^S3l 31 l3~s>- <.r^o\j>- 353j 

.3*-3l ( J53t ^p 



.<lJ5 Oj-^31 <_^aj L5 *^-lil |»UaJl £rjb>- ^ 3J^5Jl 3*-iVi UJ| <jjtj 

oUjJ^AJU pL^jlj 4— L jfrJl ^j-a lpJuljl53il SJp ^Jp S^Lp 3^S3j 

l y~* -bJ^Jl UUJI ^*J1 oliJaj 3j53Jl cjIjJJI Jplis . 3Jl*Ji XSUaJl cj! 3 
3j_5o 3! 3L_$3>Vl> ‘L_il °j . 3*_sLa SJLjJb>- (_£3 jJ 3J^£j| olpbwiNl 
iJU 3t^U3>31 v^Ul fj■# 33^1? 1 ' A j jL«-p 1 A^wibJl <UuL<Jl ilj^JJ 

flj-fli J-aj .y_^Vl (Sj-^l jUp! JP 1 J& t-tf./ Ji jUpI oIS (_£ J^\ oJLA 


■ ^_jA 4-*^lu*Jl 

Be, 14 C 26 Al , 36 a, 80 A>, 32 tf, 39 ^r, 22 Net 25 S' 57 >, 33 P, 28 Mg, 31 S, 1B F, 39 C/.38C/ 


a-1 — *Jajd 1 SJ_**j ^S"l—«i UL1 — Uj^*ij 3*_Jj'if 1 b j_& ^ 1 qm ji I iij 






. A*_oLm^AjXJI P-bjol _«iJl (j -4 bg.sA»j 

£"l*— 0~~* (JJj^tH <—3^)b*Jl Jpl£o AA-Jj'i/! oJl^J 

<J}*>LaJ 1 £3 l^iplij aJ j£jl AaJjVI t _yO-wJ oljJl <Jj .Ajlixp^a AaJLo .ilj-aj 

.Aj^jliJl AaJj V\j LfrlpUli Jj*j AaJj^Ij (jj^&>tJi 

primary cosmic ray /vi c^o^t j^uSVl 5-2 


(\,\ 9- Lyg.g.11 <J ojLlxIi j ojJ - ^a.<J Ajtjilx* J_*j £UJoN\ ^ysyCj 

oNb_>s-<Jl jJ> OJJ jA A^tJj willij IaIPj-xj AlJu 

^-L*—Uu®> k —*^xaj b°-Up ^bsA^J! (_J 2 a.*. w *b >I xaoJ \ 

f£* s*- j-Ijj 3I Ji <y* i Sj^ JJ o* 

jli aJlpj J^ju Uj>- <=-Ua51j 2iUa]l <uAi>tX3 oUk~**>J 1 pliajJj oX& 

ojJsj UtAp Jp ^ (10 GeV js\fl) ^sLlaji tl_v2^L>tJw4 kH^Lo-*.>-w^Ji AiliS' 

^j>J! 4-j^AjJJ LJudl AiLlaJl APjJj ^Juv^L>sJl ^^*-**0 .1 JaLiJlj 

.L5lJl^j'y \ AJjfCli OcJi^b Aa« ( JpLij (_$i {J aJ j>-i 


l _£jji JS' 5ytU*«Jl JS" Aj'iAXj'VI AjJ_^J1 Aa^^I 

(oli y j ^Jl) tj^T jj^^^Jl <>!y Cy* l±y>-y^\ j^a h*-i! 


L^wAj l ^_a 4_Jj^]| AA^Sfl (j 

2_*j J y->-J k_,w.-^j j_$ b» a 3 klUllA ^ 







^ ^ 






. io ^531 1 3 ^«5"l 4... . V . O Jj>-1 jpj 

C^yvi^^l^SU^lWlL^ 5-2-1 

LjOp L_aJs’ 4_uiJui'Vl —ij53! ‘L*_Jj'S/I oU^l . 1 <ilUJ! aL«*L^ ^sCjij 

4 _jljJj 10 8 ©V ( j__j olweJL_3 oliliaJl J^r«j SI .lAsj- L^ajjp 

j—k) ^i-waJl da—ilji A^vsi^U <iUa3l iis if jr^ ■ lO ^ 1 eV 

^^JJI ik*!* jT ( E+dEj E <1-90? i ^ 11 4 o i I .iJp 

jj-uLjij (3j—^ 2 >J—p iJ —.E Uj^jL_ia ,^xjl oL>.~».>->tJi j Jp 

L» L^lj 

m ^ji^ji cjLycJi i j l& v^-Lo e 0 Ul$3i <5UaJi ii'yju <_$ ^ji $ 

<.—q-JlSsj Vj 

l)1 <.{Eo/A) o jJiS’^ J53 tilkil il'il Jj ((_£jJl) oU : .,..xJ1 ^-\p * 

iJ_A ijjJJJ Eq/A L>jJij 4 jj^ 3! cj^)LpliiM -liA>cj ^Jbdl A 

.(inter-stellar) ia^jil •U^'iji i^Jh ^*xJ! 

wjIS (^jill Jptixj c Eq/A <3j 3^3^ ^StiaJI SJVx cjU jjJI jsJ p ■$ 
c E(//4 iiUaj Ji^vo 4 j-* - l^ts” Eq aSIWIj A <3^3! j-uJI 




■ - i : JJUWI < 

(J oL^dlS 4 _jjjIsJ 1 oU™>Jl ^lxj| ^ix) <L-v«iju« oJla a^Ipj 

jl lJ^UJI 

frigidity) aJ^Jj olw-^JI jJLp# 

LaJCuP ‘LjjXll 4*-iVl ^LpwJI 

. (oj-JCL* jl S 



(5-^j£—iJ! ia^-N *\j ^UaXjVU filial] ^Jv^bidl u_iJaJl Jaia^> 

i ^ a—Ji ^\,\ IJL^ .i —J t ' -t (10 10 -10 19 eV) <J 1 _v?^a>-j1 ) 



(5-1) JiAfl 





i *r 


■? 1U) I 1 %.■* j. 


j 410 10 - 4x10 15 eV) yjmi JU«J! ^1 lia j JjSl * 

:^1 4 ».,,/? 11 AiUaJ! aJl jJcj Jt^Ji iJL& 

— ocJT 2 - 7 .(5-1) 

n . l l Lj. L o .p) ^ J —I (_5~ ^ JL 

^ J_pUdl t( neutron stars LJjy j^\ j supernova 

L^aLoJ j —*-*oj |vJap'yi jUjiiVi ^ <U A. lxJl ciUu j <5QaJl oL^w^JI 

IwL-ft -W?J 0^ 24-A-J> jS (^sJLxil Ijlflj 4<Ujl«Ji aJ^UucJI 

.oUjiLJlj «Upl l - /a . l | jUiSlI <da-^<lJjUaiJl 

IU j t (10 16 -10 18 eV) ^ J\Js}\ JUwJI p—_aj( * 

Jjij AflUaJl J^>lidl (jiJjJl j-aIi 

S-'“. 


p ojJ_aJl aJ (o!j_^>xa ) ^ j—>- iillaJ! 4_j>-Li 

£-4J A tflg . uJ l 6 j_Jb oLw> j-L-yX* oli ciiijJJ oLw^ UiCft jl 

oli o!j_>mJI c-»lcjLoLyar.il )bj^jl>- 


.(AjaC^Ji 









JUhmJI ( _ s -L i i j —>^aJ| ^jJ_a JajjJI A.5.UloJi 

J_L>lid! ^La* JL~Jl IJua J .(knee) i£J\ (4x10 15 -10 16 eV) 


i Jjij Ljjij iSUaJl £0 i^_wibx> lL*>- pj-v-l JiLL 

g«J*...(5-3)' ' 


;4.1_Ll j3 J~° ^"1 J JLtLI l>kfc ij jJub 

^Jas) o y> li-A oLj*m> LllS 

A _JJa^JI ail-<Jl £-—a J_ pUJI J,} ^-P-L-jJ 0-^d 

.(dark matter) 


d)lj .L>«_JtJ'l i^wjUjo (Jb»w<Jl IJl* (J 43liaJl j\ i— 

Ur(UJl o\J yj jJ\) 4-LkLi y& 4joLJ\ 4^xJl 

,(5-2)j£sJ1 j 

wLj>tJ ( J_ v i>UlJ! ^SLkJl v a ..lall JalauLa ^ ^yLu J l p 

^ 1 _ 5 J^L>*JlJ ^JU.IOGeVoUUJI J*j^Jd1 JjNl JU-J! 
^JUl JjNl JL^J! -L>u jJ—v^UxJI (JLkJI k_iJa]| iak^ 

>c _£jl_^>Jl c-ililUil 

|juh j .cJ y L)jj&>\ 5x1 0 18 ^ J^Nl CjUUaJi J^*Lj 
La SL> J_p ^^aiLd! APj-^ J-E L-s*- J-kLiJl 





iil ii a 

il IJj>- Jl>Ji |J«gJ A . ^ .w l Uj SijIjJi oLk~vv>*Jl J3-IP- .‘uS'jJl Jj^P iJljJ&tli 

N OjwLjJl ClA _A ij| A-JL»LS' 4 . ' .—..»i (J^b- ^^LsS” j JJL 

■' iaia ^ (*-*0 i>* 




0.1 1.0 10.0 100. HP 10« 105 106 


Kinetic energy par particle (nucleus) [GeV] 

(5-2) JiAB 

AaljSll hu&u ^rn\ dubll ^jjU ^ 

Secondary Cosmic Rays 5-3 

cjIJj5U aJjVI aJjS 3I iiui'yi J-^Uj 





oLJoLJjjx5s5V! oUj^° tj-* u-ilboj <sjjjt^Jl 

.oIjjjSM ol) jjj^J lj oIjjJJU aLaJ olj 

^da—vu (j—° ‘— 1 ^J-^^I £—« 4_JjVI 4 a3^ I ‘ySy JjL <Ulp ajj-/lJj 

Ijjj^l UJ5 (S_JjjliJl <L^jjSdl AA-i^fl yS y) LaJ^S” y ilijj L<0> 
jJ &j A^JjVl £>JlA JaJU^ t j-a tJljL-Jl oLSj^Jl L)j& 4>oJl jj 

ialol ^jiixis-a olpLbjl 

. Ja.a3 Ajjju aJ jSJi <U—i*^|l o j£j Jili ji« Y ♦ jl jJp -ft 

. Jaii 4Jjl jSCJi Ajw^I <j j& j£5>ta j~* ® * ^'Li'ji (_}^ ^ 

4_J jl\ 4a— i'i/l 1 ,lfl.l>- 4_J jSdl 4^—JiS/1 0j-£o tjd^ - * cTS? 

•ky^J 

Jj— L y>j'$\y^r y& 10 2 ° eV lf*\l? yyS { jS\ ^A-iSH d)l 

^l—-'ill U_fc ,J_p <y -jjSjj .pL-*J' <j j^r* '^J <yr^r 

* ^y39 j ,*Uj 1^gJl O^jilwl>- Lv>x^ liLi^a L^I—L—JJa-j 

J .5 ^._,* 1 o 20 sV L^xalW ^j_iCj o l»— w-> o-i—-s*j -A—is tLjjj tj 1991 
1 ^JLjsj OLjIJ! (j 1 ijoStj s j—=*bO»J l ol/^jJl ^>-1 jjSlal ^3 oIp_^>^ 

. Ltj——> (3 dJ—“J0-b*xX*J1 4 ^Li_oJ 1 j 




\ «v 


*b 1— 


.5iiSwwj a__JI»J 1 iSLlaJj oUjh l$J oIaa*-*>xJI jdu_j 

aJ| i<• dJJiJ bjJ^a £jl>. ^ AjU C<U>-lj 

dl <l)ji oL.aUxJNI (j—’* ojiSj ;L*jJdl L^b>j 

dbs t(_£^_ j>-1 5_a>-1j l y~*j ‘ LfcjL-u*^ t j£- IfcwJ LslS" JU»w« l^J <1 )j^j 

b| 4_J V 6AdJ) .^9 Add d 30 A->l^£5”! *d»£«J bl *^l L&j-l .,/^-a 

L^UUu asUs oU^m*>JI OJJii dJJS ijA>tZj 


^j ,4_JjSCII (microwave background ^j^LJJ ;L£UJ| 

—<-dJl O^jdxll (_5~^ 1?1 jL>hJJjV 1 A>cdj dP-^do (j£ jjl 

djJj* db ialkll aJU l aJ j£Jj AjuiVl <uJai;^JUl (relativistic universe) 
a jJ a] dj5b df j (radio frequency) w j ji jl»-I j 


.oLLj jdSOl L^J—>■» JL* 


■ ky^' Aj^LJI AdJl J5 wJ 

Mouns CiU^a 1 

ojhUJI v j&\ WibU la^-lj; jtfVl v-U^I iS^JI oU^JI J5bL“ 

j ddLij*^Jl ^Uj] pi* ^y> £tk*« 0 ->tJj ^jd^a ^ <_>yiJlj 

LpU? 2 GeV Jlj>- JJaJCj ji*jLS 15 Jl y>- £U >J Jp ^^>J| ^i^UJi 
.4 GeV l-$i a- .djd aSUzj j'yi ^kv- ( A-Lj dl Jd p-lj^JI oLLp (J 






l^43J-j'j oLj^sxJJ ^SLiaJl i,g, >lail jjljj 

^*^4^jli wXaji3!_j 

jl ^J—^ ji*jJuS" 15 2iL_^a ^ lag" <jl ^las««" 2.4 GeV l^sll? ^jL*J 

^_ a oJjj-gj La A>^Ju JL& 8.7 <L&L*va (_£ y* ^JaAj *V *31jJl ^ lIISnjCj 

1 GeV ^Jl ^9 Jj ijl US' . ^jL> ojLvI^p ^ iill? 

JU^JJ i?LJU]l j-jLj c^_>iJ 10% 

1 ^^p'yi oL-SUall ol—(jji j3jij . 

LSjJl^JI oL^UJI ajC Uiu 70 rrf 2 s 'V" 1 <5 -Up GeV/c 

. (10%-15%) jI-UUj J5i UJ 

•; I . ,,^ t-*\ ' « a.j\j "* t^-> J \ 1 


LtLgj ^A> i ^S oJ-A ^yA ^ ..,.9 

4_^-Jo 4_J\j^ll y*—^ UL'.-> jg>-^l p—JiJlj UjjSOl 

cjOj^oJi llisUj (J^Ai (misons) oOjjjAi ‘ASU) 


^tja_-^j (_5 y—~** -LAP ^iUali ^L^ai^la oUjjlSO^J 
jSLjN\ J U-*®! jvL^iJl 4_UUiJl oUjjLil dLSl£> 


^-l^l J SU U > v-^J (knock-on) ^11 ca>LUp •*** 3 j*N 

oLijyS0t>U j-*-*-^ J^US3l (j^r^ jdajbOaJI <j2A>tX« cj\jjj& s l\ 




(0.2-6-30) m 2 s ^sr ^ ^-u*p L*» 

JaJjj ^ aJjJl iu-iJI U Jljdl Jp (10-100-1000) MeV oULLJl xp 

U* c-’bjyjjJlj oUjj^ONl J,j <L~J ^Lajj^L S^**5 «Lj~uL-pti 

t j—^ Ji\ll OlsLUJl -Up 1.7 j 1 GeV Jp^l olilkll -Up 1.3 L->yb ^ 

,h >-^Jl A^lkJl 

Heavy Nuclei ^Laai 


L^'b/ t_i'>L_iJJ LJl*JI oLaJaJI <j ^JS" JiCJb <lLj£j| (_^jxll ^yix>«j 

Xiiti ^^lJ1 (jl bojT U—dP-1 (_£jJ ‘Uiuca C^JpLij UjJLP 

iJUaJl jl-Uii J-U» (_^UXj _^J| C-’LL-P J JwUcoj L^ilb 

^ci a -.,» j-jJj L^Uj V 4_Liij| ci l)U aJpj 


i 7 

- - CC z 

dxj. 




c* 

Nucleons 


objjjL^I ( /^J 0*>UliJl 4 >eXj ^y>e]\ u3^b*J| jJ c^bj j jUJI 

£jlj3 45 lb 4>«2-<Jl j-JI lLLLuJ jJl <illa]| iJlp oU jjj^JIj 

j U*lbt c^Ujjjp 500 MeV J\ 10 3 eV 

loVI aS!>UJ! J 3 j 5jjiJl ux*>\pUbl (j;^>JI 

N(X) = jV 0 exp(- Xi A).(5 - 4) 





^jSUaj| ebjjii j 




.(j jjjJI (j 155 gm/cm 2 A L5 -ia^Jl j> yJ^\ J-»U^ JUl 

( j ^_ 6 j {J-9j «—3^A i_51 <j LajIA^jI lyiji oli jJJj-il i^P yisLo 

y>cJi -Up ^twajj t<uLLJl 4S*>UJl 

L*jJL L«t ;0.9 m' 2 s ' 1 sr' 1 yuyxjl 1 GeV/cya Jp^S olSUaii 

.LwJLlI aJj*> i a+gj j^i CjIjj JyJJ 

Neutrinos oiuy^ui 


LAiJ tLjjjliJij oL_l» y> t—d*>L«Jl <_j *A^-1 j27 

CjU j>*Ji tOl-jeyLkws y*Jl <dA5%dj 4jyLl! djbjjj^*xil 

jl_j jJ &> ‘L »iL*jSfl < l*5'cijI—X j^j^jJi 3 ^—j i *— j L>y 15131 j 

1 GeV/c olil-LU 4 a**jJI» y*Jl -Up 

.2x10 6 m' 2 s ^sr' 1 J1j>^ 
Air Showers 5-4 

LJjSCii J ^yll o^ApUJI p-M <y 

o!i oLm-^I L^-L_Aj ^.jJ! (ALL (^j->Ji k-itA_LH oL^jj^j a-jSIXjVI 
ya 41 m.L»j JjNl joUaXJi ^>- O^Apltf) la?- yLJi CjUUail 

y_o j iJ^i t^o gZj j oloLaj) OtAplilil 

ya yp jj j <LSi aJ»A AjjJLJI o Lw.h H 




dJjb 

Hadronic Cascade 

rf-\j^\ oUj_}>«j (Sj^^ ^Lv«J <jP t _ 5 i3! ^J 

iuUjjUl ((5-3) J5L*sJI) oLijjiL^Ji JjSi f aUell ^ ^ 

vj^^o-laxJ! ‘U*1 p^/1 oUjjLJI K®,K~ oUjjIsCIIj tc ,#°,/r + 

JJ U-Laj (8.4xl0” 17 sec) IJu>- Ijw .ai a 0 itaUidl oUjjLU SU- 





U15 




^g?>4i£§Jk, tS'-'JiM-Si'l: SiRvAc^'^'t % : i 5§fev*wS a i i2^'i 'c 

■ rnz ,£•■■?; 44 

‘ |f§§#3 •' R> S , K Hrl| ^ ' 

^ ^ \ 


10m mm^M: $£.•• ■ 

1 ‘ ' e + <T e e* e ^ 

s41, : : mas*. 


,v iSr-v -<.,< >4^; ,-44-44^ 

FagitcDtsEKKakt# 


(5-3) J14H 




^lSUoJI 


Almlull UjUSj-j 


\ \ r 


0,0 ^J! ^ oljjjaJi* 

/ -> e~ + e + 

J1 i£*y* O-^J 


L^*)IpUj ( J_P 4_JUJl oUJUaJl o'i C 7t~ t 7V* 4j olijjlJlj 

ddl olj—a SJ_P 4-_Jl*-*i| 0 Jjfc j^SCj ) 4jjj»tda O lljjh) 

JJ dL^iJL Iajl_^p IJLJ i?£ — 9GeV <L?-^>Jl o<ojl oLIjjLJI <_5Us ^Xz 

(2.6xl0' 8 sec)yfc^- ± oUjjUJ oL>Ji ^aj (ohjy oU j^> 
n i ->/** +v /i (v-) 


; (JLjLj JijZ J OUj j& J! (J,[ Ollj^oJl <±1£j£j l~~-J jl—~a Jl*J 

n* ~^e + +v e + v- 
H~ -) e - +v -+ Vft 

coLljAJI L*^ L$J tSo'j-J (jJj oUjA£J! dL£is 

ibis' oil y j$j 01 0 j oU 

K ± -» n* + # + 

K * -> jf* + tf° 

->/<*+ 







d S i ft _ Sjfi <L_J^J ^_JP <alp 4 A«,r?J 

1+-J i»*b i-S"j^ 3 J5" jf ^ .<L«*^UbA>>j j^S\j iJjj^lgJI 


. £ L~Lil aJI^JI jjJI ^y> 

Electromagnetic Cascade j^^iuJi- 


d —-JI p iSlis ujI aJ lJ i j> - ^zJI idJ^pLiJl <LwJ-w*j 

(_j—£ ><JI ftU—* j-1ptJ t(<Jdl—>J) CjUjjjXSo'^i jl Oli jj ^jaJl ^JJU 

CjLXxaJI p—*I j ^LJaXi'^L LUUjjjxilj CjUj Jjj jJ| ;oUj 

<■—■*^I Cr^ 1 cM *—i_5^ dg J* lLjJoo ^iJI *LSlj^uiJl 

^SCll Jjjjis l j}& ^oljj jJJJ-Jl J 

e ± ~^e ± +/ 

^jA oLL* Jl isL^I ,(Compton effect) oy^jS jSkj 

1 — >ojI L^^3 ) J.fl ^ --->'.a jJ5s-_*Su |»^5»sJl 4 $L^>NIj . 

• (5 - 4) J5wJl j\s->\ .ijjj^lgJi (J 





(5-4) 

^yUL f laUidt Jl>*XI 5-5 

oyliil 4_JA^»_Ji s Jl 'LJp' (iJJi-Sj A_J\-A^Mi <LJj£J! <**£^11 
( Jj>-Jl^ LaJ_LP ^Ljs^xJ^LJ Q0yj £U l^ljL^a <jL-i «L-jlpJ <Lij>«^« CjLj-^v^- 

j-J~\ J^L*I J^j U^-J jj*i til (PJ* C5^J^' (/"*** ^**^ JU^JI 
« Udl li Si^*Ua51 oJLa U" 4 ci^^i ^fr*~‘ 5 J {j* 

JL^J' J^-JuJ> ^ptJI <j oU-—>*313jJ-i ^ 

JJ^l Jp liliiaj cJ 15 lil NJ ^jVi fjij <_!*“ c^->^' 

al>Jij aSJ^J i*JsJl oJUs (ji^ 4<iliaJl j\ A-^JsUJuJl oi^LyaJI ^ ^J>^\ 1-Aj- 









i~%A jSiA 




IJUj ft Ja >-j Jl^Jl oJul j^Cj 

j-^Cj 4_Jj531 4sliS’ JLJ'jj Sit>U^I ^ >-k>*Ji JJ. 

(latitude effect) ^y^\ -k>- jjfc J=>UjVl IJL* viiJjJ ^Jl _k>- 


Ja>J 4~wlllj <Lij^Ji 4*-iS/l 4sliS" ol LA)! -las-jJ 

4 I i _._ tm . l l jSjoJ Jj^ uiDi (j£^p>-i Jl ^AAj 

Ja^ (ij^b Jl ^Ual (longitude effect) J i^UJI Ja>- j^b j-jdl 1 U-A 

<j (east-west) uJjP "J_^iJl j*j!j I JllA J^JaJI Ja>-j 0 *<s>^*J| 

j~>\ j >%j J45"Lo--v^->iJI Jvip- O^jS" 

«<—Oj-£3 dJJi £f?ji J 4 c5_^l J*** V./*^ ir* *~*. _r ,T ^l oLa-^^JI 
• OjLp 4^5’IUlj V yi 4-o j £.Jl 4_*_Jj'il I ^ki ll 

latitude effect^i ^ 5-5-1 


4^j—*-*JalX.i^i| ^JflJiJl o4j»e_Li jA ^xil laj >- jj| 

j JJs-^-ll oJ^*i oI t j^uvvji? I <JL>t_qJI oJJL. l»<il| 45 !^ 4»-)w»5 ^Juco 


4—^ <_]■>■-^ (_5*^-ll jt*£> ^JajaJl 4$Lk dli <■ j*~^ ^ 

L^' 4*olUijMl oljJJJ^Jl c-JiaS. ^j^fl Jl^a ^™»Jl 

1 5 0-* Jpl ^iUa <^j^P J5wj ^Ijl^l -tip Jl ijJ 




-- JJilLJI tbjji Ifc— 



m 





Jl ia>- axp 2.7 GeV Jais ^b>ej IqJ^j ^ a ^* 1 
. ^ .Wall oU^L ibjj aJ^S 3l AA-i'ifl (4*li5 ) l jAf <j! Jlidl I 1a ^jj5Q° 
^JaiJt L J>- j ^£*~j jJti! ia>- aJNJj (A3LSSG\) ^yiuiaJI jj j} 

j (knee) *—SJ\ LJ ^—*j L* Cx-** o*j-* ^ '-**&. 

(, 40° ^< 3 *JI ia_=»- j_ip oU a^jJI j^Jaj (5-5) 

■55° jjJI Ja>- wUp jJ5 

latitude effect 



geomagnetic latitude 


(5-5) titaii 

ijijtfl lai jjib 






East - West effect cjy ~ jAfc 5-5-2 


4-iA) £~m*J iJail X* oL~~pJl JsJj ylJ LiJ^p 
y* -^b(^) JU—Xll y* yyiil jl _L_>-j <I> 4 -jI ^Xj| 

j—S^I I w (9) yyJl 4y Lj y* (j| Jj>-j yj~ jbljjLwi 1,(9) y>*Jl 
• t rO* “ <iy ja&i Sy Hail oIa t I e (0) <j^1 Aylj y yuiJI y 

£-kajl iSli? o j£j i—>j* -<}jJ> yfc ^ J 

Ojl^—Jl C^L*-wv*>tJJ 4^vjJLi Ja>- Xp ^iJLo 4iUa3 

oU-w4*j>JJ <L__xjL 10 GeV J1 'y Lyj 60 GeV y> Jj^JLll y 
y-d <Jj—y tJ^ <—flJaJi y oli 4 J 1 PJ cl-* yJl y Sijl^Jl 

.4-^1 ypl 

h ‘ 9 4-JaiJl ijijJi y yy-(3y} JyUl jU 1 » 

t^yJ! i_i*>UJI y>j y-T J^Uj ytx> 4 j! U5 4/i, y>yJl Ja>- 











c a ses— %.C^*Oi4 —• - - - - - - —-j \ \ fs bss 

IfcLJl 2_iViS* S^Lj U ^laSl j U^-jj LUS' ^aS'U-^ 

g £.j . G^w>Ji J>»Ip S$L)) Jiijl SiUj JJ < jS) 

J_^ (jj_5i lj_& Jc*J (60° Ljyjj ) Ja^ JuP i—*Jp“(3jjb 

oL ^ ^ y JI oi_ft ) 4jLw.y^.H oUUaJl oii L_JyJl ^j-a a^j|C->U-WA^JI 
Jj_*-LJl >—2— -0yt, -C - a s >-l Ji3 (i— >jj>- (JjJ^ Jjaa<JJ 


£ = 


7 y (fl)-/.(fl) 

l/2(/* (*)+/.(*)) 


- s{e i x,h\ 


. (5-6) 


ola.^?lL oJLaj 


h 2 >\ J»1«> g(^)>g(A) 

e 2 >0 l _ d^p* _ *(*»)> *(3) 

A <> *Wi)<*w 


ia-j >- 2JNJl» j—P-(3 <Jj_*jLJ! oljj-j-J (5-2) JjJjjtJl 

. o = 60° 2jjljj ^Ja.^ *S 


(5-2) 
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t j r ^3jVi ^Mn^ uui 5-6 

4-JajJj (J—^ (j A^L>o1j llv»JI jLj*_<jJi oJui ya JS^ yti> 

j J—5- O j J—3~U la^J—>-l yXaUj ^4 

J—«l*JI Ul coL)^SCoJl j»-L £j ygj jU <-jJs>lJl 40 JI jlyb*>ii 

oljl—wJij iwv^wJI ^LjjJi J J-JUi>j j_p y>-S/l 

j « i . — ..rtj ^U g ^ Lj! 4 —SiaXa ^J_>-l^ S I oL^._**>J| 1 g - -, • v ; 

JU^JI j ol^Jdl y* yyy Jl J*1 j *Jl ol* (magnetosphere) 
Jbjs-^jl oL>dlj 6 J—i J < Lj>e^l OlyA (JjSfi £y^l l^y*-Jg ll*^»Jl 
SmLP 4-~>lp J} jlyJ ^yj) 0jrw2i <LOj OlyS olyJJ 

a ij JcrJl SwUtJ Cw (Jjj>- oIjIjxaJ jslju Jp j gI qT ji V«.•*_»|yo 

c^l ^bW^ <Jl J<*UJl U?r*"i ol jJcl I 

J—JyJl lwU» ) ygjVl ylsLo e^yyyJl 40t3| .51 y»Jl 4^y>* L g.. . v 7 

SwO*j s^—a ol jm y$i jlill jjJI Ul (Faraday ^LIjU) dynamo 
4—Jj»-|jj| <oJ| jlyCOl |*-Xp (y^yiy^-Jl J>»UJl 1 y2j>- 1^-wJj ^-UJl 
yA9Ljju { yvJgLi» J »JI (JLi»*^Jl Sjui (jl yiLjOl oLLp COjI 1 5a 

UiJ y*iSj ^yrjaill yi* j! .o- J-£J 0.05% Jj^j jly^L, 
J-^ 0.01 4% JwL^oj ^yyJgljA^Jl JL^JI Jy»^4 -•> -_■ jlyjoli 

JL^JI oT paleomagnetic t _y^lJuJl ^.jUil ^JU oJI) io 





(*3LUI i^>ii Hi* 
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• <u*i 0j^La 75 Ji J^A>- 5 jA 171 <i&U*ej| 


^iJu ^**x*31 ^y> C-J-V- lijI^J cJl oJa 

JI>caJiJ AjJdP cil ’’■jFT 1 -^ p-J dUJlJ j 1 yi\ aJu1>®j 

4_0Jl 5 ^JJl ^J-P 4-jJJudl £iL*J| J5 Judxj 

^JjUJ (JJ 5 »-jL->*JI { Jw«LhJ| 1^jJL>o ^31 lIj!j-JcJ! tl 838 O jjjjlS* kiLjjJbjj 

j a.t.p 1^ t_^~y— jJ-^»lxJI O - ^ a_j?^LJ! cij 0L_oJI j Jbtb(% 1) 

B(r,9,<S>,t) = -VV{rA<b,i) .'..(5-7) 


f'O*. s, ®. 0 - i tf £ T' (s" » “ s < m ®)' , r (<)sto(«®)>,’ (cos 8). .(5-8) 

(=1 m=0 V r J 

J_al^JljJ_-* P, m (cosd)d\^ -^ 

:Ji\ ]i ,^Jl ja^J ^j (associated Legender polynomial) 

£ (p* (cos e > J d o = 2 \*+ \ ‘ .^ 5 - 9 ) 

L4J1P ^jLS' otA*L*^ c ^- a V(0 ^ *r(0 

pJu t N ^yuJaJi iubJi 

|Jl_A ( y^i iajjj iS^Ap iiLjfc AjI (J,j^ La jL£j fdjjlifixJi A3 jJl ajtd>-l 

djLJ-*»-P iAxJl 








- — 

(N +l) 2 — 1 = ^*<LJi]l oLi-<^ i i-ip 

( jZ* jiS 6371.2 ) l jpj s i\ jiaa a chilli 1>»I 

Qjjj JA ^uutaUitXl JUil 5-7 



^j ( J-s5L^x> ^-L>_wJl £jja aJ_^ 53l c-jL*_j1^iI J^>-l (j-* 

L_JlxJI oliJaJI oljlp £-« A-J_^]| J^-Ur L)l LJ_p 

tolJ J1 j jJl *AjLa i*L_oLj^5" oils**—£ oli oLbj£*- ya c-ilfo <*J!>S/I 

2^>t*JI oLbJ>u aJL a./3*> AjljJJ <LJLp ^g-1-T ^ . tf Jl j£- 

^ s-^h ^JJIj t(heiiosfer) ^1 ^^JpLJuJI *UaJj\ J^uL ~J Ju 

jl <LS^>«J ilvLJlal J *.*'^-L^ 1 U^l Ayww^ J wJl AX-j^^>ila>JI 

~ o LjLj^S" 4j y*e-Jij> oL5jJ>- jlp^-«L y ^J... W.1I 

L-PjJ ^ r .*.. ^J I JJ A^w4-Jl 3| 4_oil>*Jl (jL>ta ^JjlXj 0 y° jj-Aj 

J _^p jj^aJLj L-gJ —«*J L _ 5 —^1 A_^53l j! J fl.a .<L^jl>*Jl Ax :^\ 

isLlxil isLjj'illj OpxJUJl <JL>mJ| ya t j^A^yLjb ^^v^LjuJI 


L«-^-lP j-Ja^kS" t j0 jSll J—>- P ^J -Ja^ J 4 Au^531 

< k _$-3lj 40l_Sjj^sJl d*J>o La C-j|jLjlaJl <-) 

0— 14 ‘--’^j^iSLJVI ^jj^>*-a jSll JL^Jl cjLaJ? oL^pI (J Jj>-uJL pX«J 




JnBUoJI pLiJ-j 4r 



^jUw-jLwu 4jjiaj .^IjjS/I (_5 LdjI U-A JJoP jliJI 

,y>01 OULU (j 0 j£j CjUjjX^i'yi oJla jl 

. 4JI ^ J j*p ^Jl ^ l j£L <»j J 1 ^ 1 ^- 


*LJI jU«j . 5 J J W A\ djas-Sl! cIjI^jLJL^ cLy>Ji j&zSj ^5\^w0 

i_jLi5bJJ ^L^l J-viil <. |»a5j ^>Jl Jj «—aiSbj 
jt £jj_pU» ill 4 ^-*^ bUjt 0^ objj>- 


,Aj-JjJ i»^w5o oljP \j> t„ .* /a j 


a^jSL^jj5ws CjL_5jJ>- ^j_*aJI a-2>J> lILLJ yr ti bi" UUJ 

Sjj-^uJl objj^JI .u_id5bJ! Jjjjjd' pbb L - J b* 

^y Ja“_...J S , gla o- jJ—^ q&A L?- objj^ dpl«J AyjS^Jl {jfi 

lil .J* ^_jJl J-JL>- 4 _o_$_oj I j-jo jiJ 0I>UsaJ A ^ p 

oiji JSwJ (Jj. Jj>-jJI AyjS^Jl 4*-^Vl bJ_)P 

'i^j J ^}\ cr a*\ J^>JI C»1ji ^ 

. c-^.^"j ^ <J,b31jj p-LJI oljJJ 0 011-^f 


oljJJ ^1^531 ( ^JJI iSj^ J y>~^ Vj^ ^U—Jl SpIp! ^Lp 

J_ojJ1j te^ CpUj j&\ ji^- JJ, <Jj*}i ^ f <J 

.c-jj-SU! jijii^l Jp 
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-—...— - CViUaJI %■ » " '■*■ 1 3 * - — 

[_wbjVI t-LLo jaju jjj 5-8 

a Jj_^- coLij-w-^^Jl J__pI s^L>- oLiUj OjLI Jij 


AjjvjjJl iSliaJi JuljXoJl LS'^^aiI <^US ^jjJJu *U-L*JI i_~Ip 1 .iiiJS 


.^_>«^J!j jfliJlS* 


K - *i j—i*yi (j t^»_->-iJi j> jUj-Ui ^y\ — ^ojS i J-S'jji 

olj-Jdl ^ fc b^ JsLjjNL c iJ_>£JI inJlSfl d\ Jp j*j Svensmark 

^LajjV «wj 5 jJI <w w -v>w<>Jl L5 -^j JL>*^JI (J 

ti ( _^jJ| ol(jj-; (JjUaJ dUi ( Jp ctal ^Jj-I . 5jlj>J! oU-ji 

J—£>Jl jJ—P 5 -Jjl J>r}\ oVlA—« ilj I JUt^oJl 

—(X ^W«J ^aj| (J jA 

,iJL*iVl Jjijj 


»*iVl <~*£ jj^i (jj^l j* l j—wJJ JL>^JI <1)1 ojy»-Jl ^j 

iJj53l 4*^5. 1VI (1)1 J*> 4j^IslJI l} j-iaJlj Jj-L>Jl .(j^jVlj t _^l io^£3l 

k^l—4-iS J^L^wiX j^lll l3 ® jn~> OJ-l£ L^J 

(*^ 4 L5^~eL aoJ I Jl ^Jjjj f 

<1)1 ;IaJ_^5"L»j ilj U^ a .^ 4jj}te*}\ OlXa j'i/l ®jl j>" 4^-j^ jj jl? ^yJl ^jA 




— —; fiLjui 

. Oj^Jl ^_J (jil jIj ^^mJI f-Uap olj-JcJl <1)\ OI^il oULiJi 

ii*_*>-11986 ^Lp J . ^JLi^Jl j-U^I UK ^SL> jl JJjJI 1JU oU uiJJi £®j 

.OloJjti «Ul ^^J-sfld.4 (JjJ^Tj jjJUau t42> Ja!i 

i_ > <— j£" Cf° ^ i3jt<w.a^w U^ll o-U 

L/i~ya>- oLij! 5i J* 4£ jfi- (J oijU>-l 

J^pxj ( j_£U<J! l j-o ^ j—^l <ijP (J jVl y>r oliJs’ (J aJjUUI olj-j^J! 

‘y ^j_J«jl j! dUS J^d ^ y> jSl! t$J! ^y>J*£ ^1 U^SDl 

.iiSll LaJi_XP 1 (^1 £ jf * > J) ^ > ^a t^jLlUs (_J ^KU-o 

.j^oOLi 
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